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WATER  PLANT  OPTIMIZATION  STUDY 
WINDSOR  WATER  TREATMENT  PLANT 

SUMMARY  OF  FINDINGS  AND  RECOMMENDATIONS 

The  purpose  of  the  Water  Plant  Optimization  Study  (WPOS)  is  to  document  and 
review  the  present  conditions  and  determine  an  optimum  treatment  strategy  for 
contaminant  removal  at  the  plant,  with  emphasis  on  the  removal  of  particulate 
materials  and  the  disinfection  processes. 

In  striving  for  excellence  in  water  treatment,  it  is  important  to  examine  all 
possible  approaches,  but  first,  optimum  use  should  be  made  of  the  processes 
already  in  place. 

This  optimization  study  is  a  beginning  and  not  an  end  to  itself;  it  is  the  start 
of  an  ongoing  documentation  of  the  operation  of  the  plant.  It  is  recommended 
that  this  document  be  updated  on  an  annual  basis. 

It  should  be  noted  that  the  Windsor  Utilities  Commission  is  in  the  process  of 
identifying  rehabilitation  works  and  planning  an  expansion  for  the  plant. 

In  an  effort  to  optimize  particulate  removal  and  disinfection  at  the  Windsor 
plant,  this  study  has  identified  the  following  areas  of  further  action  and 
study. 


PHYSICAL  IMPROVEMENTS 

Install  two  raw  water  flow  meters,  one  into  each  raw  water  header. 

Add  flocculation  tanks  to  the  treatment  process. 

Install  flowmeters  at  each  filter  effluent. 

Re-design  the  sampling  system  to  maintain  higher  velocities  at  all  times. 

STUDIES 

Conduct  laboratory  tests  to  evaluate  the  relative  merits  of  flash  mixing. 

Conduct  a  study  to  determine  if  the  present  method  of  adding  alum  and 
fluoride  together  is  responsible  for  fluoride  consumption. 

Conduct  plant  scale  tests  to  determine  the  magnitude  of  improvement  which 
would  result  from  maintaining  lower  constant  filter  flow  rates. 

Consider  a  streaming  current  monitor  system  for  both  raw  water  headers  if 
merits  are  proven  by  a  trial  basis. 


STUDIES  (cont'd) 

Investigate  the  backwash  procedure  to  determine  the  relative  duration  and 
rise  rates  of  the  low  and  high  backwash  rates. 

OTHER  RECOMMENDATIONS 

Develop  a  consistent  pattern  of  polymer  dosage  relative  to  alum  dosage. 

Develop  a  correlation  between  alum  dosage  and  alkalinity  consumption  to 
verify  alum  dosage. 

Record  the  fluoride  dosage  as  mg/L  F~. 

Conduct  sieve  and  grain  size  characterization  tests  on  each  filter  once 
every  five  years.  Measure  the  depth  of  media  each  year. 

Examine  and  rationalize  the  organization,  interpretation  and  value  of  all 
in-plant  testing. 

Prepare  a  process  and  piping  diagram  (PAPD)  for  the  Windsor  plant. 

The  Ministry  of  the  Environment  should  develop  a  surrogate  measurement  for 
chlorinated  by-products  for  use  in  water  plants  in  Ontario. 

Update  this  document  on  an  annual  basis. 
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WATER  PLANT  OPTIMIZATION  STUDY 
WINDSOR  WATER  TREATMENT  PLANT 

INTRODUCTION  AND  TERMS  OF  REFERENCE 

The  Ontario  Ministry  of  the  Environment  has  instituted  a  Drinking  Water 
Surveillance  Program,  consisting  of  a  continuously  updated  data  base  of  water 
quality  information  on  Ontario  water  treatment  plants.  In  connection  with  the 
surveillance  program,  a  specific  plant  investigation  and  process  evaluation 
study  is  desired  for  each  plant  entering  the  program.  The  study  is  to  document 
and  review  the  present  operating  conditions,  and  determine  an  optimum  treatment 
strategy  for  particulate  removal  and  disinfection  at  the  plant.  The  terms  of 
reference  for  this  Water  Plant  Optimization  Study  has  been  prepared  by  the 
Ministry,  and  is  included  at  the  back  of  the  report,  following  the  appendices. 
This  optimization  study  has  been  conducted  in  accordance  with  the  terms  of 
reference  and  information  package. 

The  Windsor  Plant  provides  the  water  supply  and  distribution  system  for  the  City 
of  Windsor,  and  supplies  water  to  Tecumseh,  St.  Clair  Beach,  Sandwich  South  and 
Sandwich  West.  This  optimization  study  provides  a  detailed  examination  of  three 
years  of  daily  and. monthly  plant  operating  data,  a  description  of  the  facilities 
in  place  at  the  plant  and  their  operation,  and  recommendations  which  could 
improve  the  particulate  removal  and  disinfection  performance  of  the  plant. 

The  Windsor  Water  Treatment  Plant  draws  water  from  the  Detroit  River,  which 
experiences  its  worst  water  quality  during  the  spring  (March-April)  and  fall 
(October-December)  months  when  the  raw  water  turbidity  increases.  Sometimes, 
the  treated  water  turbidity  exceeds  the  limit  of  1.0  NTU. 
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SECTION  A 

RAW  WATER  SOURCE 


A.I 


General  Quality 


The  Windsor  Water  Treatment  Plant  takes  raw  water  from  the  Detroit  River.  The 
raw  water  quality,  specifically  the  turbidity,  varies  sporadically  throughout 
the  period  examined. 

A  wastewater  treatment  plant  is  located  approximately  3  km  from  the  water  plant, 
and  there  exists  a  potential  for  contaminants  to  appear  in  the  raw  water. 
Occasionally,  elevated  ammonia  concentrations  occur.  The  raw  water  quality  is 
most  influenced  by  storm  sewer  discharges  and  runoff.  An  island  in  the  Detroit 
River  provides  a  barrier  to  any  contaminants  discharged  from  the  American  side. 
A  large  petrochemical  industry  is  located  approximately  60  km  upstream  of  the 
plant  on  the  St.  Clair  River.  A  potential  exists  for  contaminants  to  be 
introduced  into  the  Detroit  River. 

The  Windsor  Water  Treatment  Plant  security  measures  consist  of  keeping  all  the 

doors  locked  after  4:00  p.m.  The  operators  walk  through  the  facilities  each 

hour  to  check  on  the  operation  of  the  plant.  There  are  no  intake  or  source 

protection  measures  in  place,  and  should  a  spill  or  other  security  event  happen, 

the  operators  would  shut  down  the  intake  and  call  the  plant  superintendent  for 
further  instructions. 


In  the  years  1984  -  1987,  the  general  raw  water  quality  parameters  varied  as 
fol  lows: 

Turbidity  (NTU)  1-185  (avg.  16.4)   (1) 

Colour  (HCU) 

Temperature  (°C) 

Alkalinity  (mg/L  as  CaC03) 

Hardness  (mg/L  as  CaC03) 

pH 

Aluminum  (mg/L) 

Iron  (mg/L) 

Manganese  (mg/L) 

Fecal  Coliform  (per  100  ml) 

Total  Coliform  (per  100  ml) 


1.5-27.5 

(2) 

1-28 

(1) 

79-114 

(3) 

92-138 

(3) 

7.5-8.6 

(4) 

0.002-1.631 

(3) 

0.001-3.00 

(2) 

0.002-0.073 

(2) 

0->500 

(4) 

0->5000 

(4) 
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A.I      General  Quality  (cont'd) 

(1)  Values  taken  from  the  Windsor  Filtration  Plant  Operation  -  Daily  Report 
Sheets. 

(2)  Values  taken  from  the  DWSP  chemical  analysis  sheets. 

(3)  Values  taken  from  the  Windsor  Utilities  Commission  Water  Analyses  Sheets. 

(4)  Values  taken  from  the  Laboratory  Testing  -  Daily  Report  Sheets. 

The  Drinking  Water  Surveillance  Program  has  collected  data  on  the  Windsor  Water 
Treatment  Plant  since  1985.  The  Ontario  Ministry  of  the  Environment  feels  this 
water  is  very  well  characterized.  Additional  water  quality  information  may  be 
obtained  from  various  DWSP  reports. 
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SECTION  B 

FLOW  MEASUREMENT 

B.1  Raw 

The  raw  water  flow  at  the  Windsor  Water  Treatment  Plant  is  not  measured.  The 
raw  water  venturi  meter  has  been  abandoned,  and  a  butterfly  valve  put  in  its 
place. 

For  the  purposes  of  this  report,  the  'filtered'  water  flow  has  been  used  as  the 
raw  water  flow.  The  filtered  water  flow  is  calculated  from  the  operation  of  the 
filters  (ie.  no.  of  filters  X  hours  of  operation  X  filtration  rate).  The 
filters,  however,  may  not  always  operate  at  a  constant  rate.  When  the  filters 
are  operating  at  21  ML/d  (6  MDG)  each,  they  tend  to  operate  at  a  declining  rate 
as  the  headloss  increases,  and  therefore,  this  calculated  raw  water  flow  may  be 
inaccurate.  The  calculated  raw  water  flow  value  is  recorded  each  day  as  the 
filtered  water  flow  on  the  Filtration  Plant  Operations  Daily  Report  Sheet. 

B.2     Treated 

The  treated  water  flow  is  not  measured  at  the  Windsor  Water  Treatment  Plant. 
The  treated  water  flow  is  reported  as  the  'delivered'  flow  on  the  Filtration 
Plant  Operations  Daily  Report  Sheet,  and  is  calculated  by  subtracting  the 
backwash  water  flow  from  the  raw  water  flow  (calculated  'filtered'  flow). 
Again,  for  the  purposes  of  this  report,  these  calculated  'delivered'  flows  have 
been  used  as  the  treated  water  flow  rates. 

B.3     Pumped 

The  A.J.  Brian  Pumping  Station  has  two  1067  mm  venturi  meters,  one  on  the 
northerly  suction  main  and  one  on  the  southerly  suction  main.  The  capacities  of 
the  venturi  meters  are  227  ML/d  each.  New  Kent  transmitters  (1987)  have  been 
installed  on  each  meter,  and  are  calibrated  every  three  months.  The  calibration 
procedure  consists  of  imposing  a  known  pressure  (inches  of  water  column)  which 
corresponds  to  a  known  flowrate,  and  comparing  it  to  the  milliamp  signal. 
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B.3     Pumped  (cont'd) 

The  flow  through  each  venturi  meter  is  recorded  and  totalized  continuously  on 
separate  charts  in  the  A.J.  Brian  Pumping  Station  Control  Room.  The  flow 
through  each  venturi  meter  is  recorded  every  hour  on  the  daily  record.  The 
total  flow  is  recorded  on  the  daily  log  every  24  hours. 

The  daily  pumpage  from  the  A.J.  Brian  plant  represents  the  system  demand.  The 
pumpage  is  not  necessarily  equal  to  the  treated  water  flow,  since  the  110  ML 
reservoir  level  may  fluctuate. 

B.4     Backwash 

There  is  one  90  ML/d  backwash  pump,  and  the  backwash  water  flow  is  measured  by  a 
500  mm  diameter  insert  venturi  nozzle.  The  capacity  of  the  venturi  insert  is  91 
ML/d.  A  BIF  transmitter  is  located  in  the  washwater  pump  room.  This  sends  a 
4-20  mA  signal,  which  is  converted  to  a  15  second  time  pulse  signal,  to  the 
integrator  in  the  filter  deck  control  room.  The  transmitter  is  calibrated 
approximately  once  every  six  months. 

The  backwash  water  flow  is  totalized  continuously  in  the  filter  deck  control 
room.  The  total  backwash  flow  is  recorded  every  24  hours. 

B.5      Filters 

The  Windsor  Water  Treatment  Plant  has  ten  filters,  each  filter  has  two  cells. 
There  are  no  flow  meters  on  any  of  the  filter  effluents. 

All  of  the  filters  have  rate  controllers  and  operate  at  the  same  set  point. 
Filters  1-5  have  pneumatic  rate  controllers.  The  applied  pneumatic  pressure  is 
calibrated  to  a  known  flowrate.  Filters  6-10  have  rate  controllers  which  use  a 
lever  arm  and  weight.  The  location  of  the  weight  is  calibrated  to  a  known 
flowrate.  All  controllers  are  calibrated  twice  a  year.  As  noted  in  Section 
B.l,  the  filters  tend  to  operate  at  a  declining  rate  when  set  to  a  high 
filtration  rate  because  the  rate  control  valves  cannot  modulate  enough  as  the 
headloss  increases. 
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B.5     Filters  (cont'd) 

During  the  summer  months  (May  -  September),  the  filters  operate  at  21  ML/d; 
during  the  rest  of  the  year,  the  filters  usually  operate  at  18  ML/d.  As 
outlined  in  Section  B.l,  the  filtered  water  flow  rate  is  calculated  from  the 
number  of  filters  operating,  the  filtration  rate,  and  the  length  of  time  the 
filters  are  in  operation. 

B.6      Validity 

The  treatment  plant  does  not  have  any  flow  meters  to  measure  the  raw  or  treated 
water  flows,  and  therefore,  does  not  have  an  accurate  means  of  measurement. 

The  metering  at  the  A.J.  Brian  Pumping  Station  is  reported  to  be  accurate,  since 
both  transmitters  have  been  recently  replaced. 

There  are  no  absolute  minimum  effective  capacities  for  each  venturi  meter, 
however,  unreliable  flow  measurements  are  usually  experienced  when  the  flowrate 
is  less  than  20%  of  the  meter's  rate  capacity.  All  of  the  above  mentioned 
venturi  meters  normally  operate  at  flows  greater  than  20%  of  their  rated 
capacities.  Occasionally,  the  pumped  water  flow  may  fall  below  this  lower 
boundary. 

The  backwash  water  flow  metering  may  be  suspect  since  some  drifting  occasionally 
occurs.  Approximately  once  every  6  months,  the  lines  are  bled  of  air  and  the 
transmitter  is  recalibrated. 

The  flow  data  in  Table  1.0  of  Appendix  A  shows  a  consistent  and  systematic  set 
of  information  since  all  of  the  reported  values  are  calculated.  As  mentioned 
earlier,  the  raw  water  flow  is  calculated  from  the  filtration  rates  and  the 
treated  water  flow  is  calculated  from  the  raw  water  flow  minus  the  backwash 
water  flow. 

The  per  capita  flow  data  provided  in  Table  1.1  of  Appendix  A  includes  a  high 
average  and  maximum  daily  flow,  which  is  probably  due  to  the  heavy  industrial 
use. 
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SECTION  C 

PROCESS  COMPONENTS 


C.1 


General 


This  section  includes  detailed  information  on  design  data  and  chemical  systems, 
a  site  plan,  a  block  flow  diagram,  and  a  series  of  photographs  to  illustrate  the 
major  plant  components  and  chemical  feed  systems.  Figure  1,  opposite  the 
following  page,  illustrates  the  process  and  piping  configuration  at  the  Windsor 
plant. 


C.2 


Design  Data 


(a) 


Plant  Capacity 


The  original  plant  was  built  in  1924  and  included  an  intake,  low  lift  pumping 
station,  one  settling  basin,  and  Filters  1-5.  The  A.J.  Brian  Pumping  Station 
was  added  in  1951.  In  1953,  a  plant  expansion  included  a  second  intake,  low 
lift  pumping  station,  settling  basin,  and  Filters  6-10. 

The  reported  capacity  of  the  facilities  is  approximately  270  ML/d,  with  a 
present  average  daily  flow  of  about  175  ML/d.  All  of  the  operating  data 
presented  herein  are  based  on  flows  of  175  and  270  ML/d.  The  retention  times 
have  been  calculated  using  total  tank  volumes. 


(b) 


Intake 


The  Windsor  plant  has  two  intakes,  one  to  the  Filtration  Plant  low  lift  pumping 
station,  and  one  to  the  A.J.  Brian  low  lift  pumping  station. 


1925  Intake 
(Filtration  Plant) 


1953  Intake 
(A.J.  Brian  P.S.) 


148  m  long  steel  intake,  1220  mm  diameter, 
connected  to  a  358  m  long  concrete  intake, 
1524  mm  X  1220  mm 
11  m  crib  depth,  conical  opening 
capacity  =  227  ML/d 

381  m  long  concrete  intake,  1372   mm 
diameter 

11  m  crib  depth,  elliptical  opening,  2.4  m 
X  4.8  m 
capacity  =  227  ML/d 
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(b)  Intake  (cont'd) 

No  difference  in  raw  water  quality  is  observed  when  operating  either  intake. 
The  difference  in  the  intake  lengths  is  due  to  the  different  distances  from  the 
river  to  the  two  raw  water  wells. 

(c)  Raw  Water  Well 

The  two  intakes  terminate  in  two  concrete  raw  water  wells,  one  at  the  Filtration 
Plant  and  one  at  the  A.J.  Brian  P.S.  The  Filtration  Plant  raw  water  well  is 
approximately  5.5  m  X  2.2  m  X  7.6  m  deep.  The  A.J.  Brian  raw  water  well  is 
approximately  2.4  m  X  2.6  m  X  7.6  m  deep. 

Alum,  chlorine,  and  fluoride  are  added  here. 

(d)  Screening 

There  are  two  travelling  water  screens  at  the  Filtration  Plant;  both  are  20.1  m 

long  (total  length  of  revolving  screen,  screens  are  approximately  10  m  deep)  X 

2.1  m  wide.  The  mesh  material  is  4  mm  diameter  galvanized  steel,  with  12  mm  x 
12  mm  openings.  The  capacity  of  each  screen  is  190  ML/d. 

There  is  one  travelling  water  screen  at  the  A.J.  Brian  P.S.,  20.1  m  long  X  2.1  m 
wide.  The  mesh  material  is  3  mm  diameter  galvanized  steel,  with  8  mm  X  8  mm 
openings.  The  capacity  of  this  screen  is  also  190  ML/d. 

The  travelling  water  screens  are  operated  on  a  timer  basis.  The  screens  are 
also  cleaned  automatically. 

(e)  Low  Lift  Pumping 

There  are  two  low  lift  pumping  stations  at  the  Windsor  Water  Treatment  Plant; 
one  at  the  A.J.  Brian  P.S.  and  one  at  the  Filtration  Plant. 

The  Filtration  Plant  has  two  low  lift  suction  chambers;  one  measures  17.9  m  X 
2.5  m  X  7.6  m  deep,  and  the  other  is  11.2  m  X  2.5  m  X  7.6  m  deep.  There  are 
four  low  lift  pumps,  all  are  horizontal  centrifugal. 
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(e) 


Low  Lift  Pumping  (cont'd) 


PUMP  ,     TYPF      j  CAPACITY     POWER 
NO.                 (ML/d)      (kW) 

1  Electric        38.2      74.5 

2  1   Electric     1   76.5   1   149 

3  1  Electric     1   114.4   I  224 

4  1  Electric        95.3   1  224 

TOTAL  INSTALLED  1   324.4 
FIRM  CAPACITY    210.0 

The  A.J.  Brian  P.S.  has  one  low  lift  suction  chamber;  it  measures  9.9  m  X  4.9  m 
X  7.6  m  deep.  There  are  two  (2)  low  lift  pumps,  both  are  vertical  centrifugal. 


PUMP      TYPF      ;  CAPACITY     POWER 
NO.                 (ML/d)      (kW) 

1  Electric     1  114.4       224 

2  1   Electric     1   114.4       224 

TOTAL  INSTALLED  i   228.8 
FIRM  CAPACITY     114.4 

(f) 


Flash  Mixing 


There  is  no  flash  mixing  at  the  Windsor  WTP.  The  chemicals  are  added  into  the 
raw  water  well,  and  the  approximate  retention  times  before  going  through  the  low 
lift  pumps  are  tabulated  on  the  following  page. 
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(f) 


Flash  Mixing  (cont'd) 


TOTAL  PLANT  FLOW  =       TOTAL  PLANT  FLOW  = 
175  ML/d               270  ML/d 

.  ,  „  .   1  Filtration  |       .   |  Filtration 
1  A.J.  Brian   piant      ,  A.J.  Brian  ,  p] 

70  ML/d     105  ML/d     U0  ML/d     160  ML/d 

Retention  Time  in    j                   II 

Raw  Water  Well  (min.)  I    1.0        1.3        0.6         0.8 

Retention  Time  in     I                   1 

Suction  Chamber  (min.)l    7.6        7.6        4.8         5.0 

(g) 


Flocculation 


The  Windsor  plant  does  not  have  any  flocculation  tanks.  Ten  to  fifteen  years 
ago,  there  used  to  be  mechanical  flocculators  in  the  first  23  m  of  the 
sedimentation  tanks,  but  these  were  abandoned  due  to  mechanical  problems  and  the 
Windsor  Utilities  Commission  believed  they  were  not  necessary. 


(h) 


Settling 


Eacn  raw  water  header  feeds  a  separate  settling  tank  influent  conduit.  It  is 
assumed  that  the  flow  in  each  settling  tank  influent  conduit  splits  evenly 
between  the  two  settling  tanks. 

The  settling  tanks  are  horizontal  cross-flow  and  are  made  of  concrete. 

Two  settling  tanks  serve  all  of  the  filters.  Each  settling  tank  is  81  m  X  15  m 
X  6  m  deep.  The  total  volume  and  areas  of  the  settling  tanks  are  14,580  m3  and 
2,430  m2,  respectively.  Assuming  a  50  percent  split  of  flow  to  the  two  basins, 
the  settling  detention  times  at  270  and  175  ML/d  are  78  and  120  minutes, 
respectively.  For  the  same  flow  conditions,  the  corresponding  overflow  rates 
are  4.6  and  3.0  m/h,  respectively. 
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(i)     Filters 

The  Windsor  plant  has  10  filters  in  total,  each  filter  has  two  cells.  There  are 
no  design  differences  between  the  old  (Filters  1-5)  and  new  (Filters  6-10) 
sections.  All  of  the  filter  cells  are  8.5  m  X  7.6  m,  which  provides  a  total 
filtration  area  of  1292  m2.  The  two  filters  cells  have  common  piping  with 
isolating  valves  so  they  can  be  operated  independently.  The  filter  cells  are 
also  backwashed  separately. 

All  filter  boxes  are  constructed  of  concrete.  All  filters  at  the  Windsor  plant 
are  dual  media,  have  surface  agitators,  and  have  Leopold  block  underdrains. 

The  filters  have  flow  controls  but,  as  discussed  in  Section  B,  the  flow  rate 
seems  to  be  dictated  by  loss  of  head  when  the  filters  operate  at  21  ML/d.  The 
filters  do  not  have  a  clearwell  level  override,  thus  the  clearwells  could  flood 
through  the  air  vents.  If  a  blockage  of  the  backwash  discharge  channel 
occurred,  the  water  would  overflow  into  the  subgallery  below  the  pipe  gallery, 
through  the  ladderways.  Thus,  the  backwash  water  cannot  flood  through  the  air 
vents  to  the  clearwell. 

The  anthracite  was  replaced  in  1973.  The  average  filter  media  depths  are  given 
on  the  following  page.  After  these  measurements  were  made  (1986),  50  to  150  mm 
of  anthracite  was  added  to  the  filters  to  bring  the  media  level  to  within  50  mm 
of  the  agitator  arms. 
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Filters  (cont'd) 


FILTERS  1-5  (1926) 


1   u   1       1   (1)   1   SURFACE 
1   ,WX   1   ,K   1   D   I   AREA 
(m)     W     (m)      (m2) 

Each  Cell     8.5     7.6     2.44  '   64.6 

10  Cells                       646 

NOTES: 

(1)  D  (m)  is  depth  of  water  in  the  filter  box  in  metres. 

These  filters  have  Bailey  positioners,  pneumatic  controls. 

The  average  filter  media  make  up  is  as  follows  (as  measured  in  1986) 


Anthracite 

Sand 

Gravel 

0.750 

Effective  size  and  uniformity  coefficients  were  not  available. 

FILTERS  6-10  (1953) 


Depth  (m) 

0.200 
0.200 

0.350 

|              1   (1)   1   SURFACE 
1   ,WN   1   ,  \   1   D   1   AREA 
(m)     (m>     (m)      (m2) 

Each  Cell     8.5     7.6     2.44     64.6 

10  Cells                        646 

NOTES: 

(1)  D  (m)  is  depth  of  water  in  the  filter  box  in  metres. 
These  filters  have  diaphragms  and  weight  controls. 
The  average  filter  media  make  up  is  as  follows  (as  measured  in  1986) 


Anthracite 

Sand 

Gravel 


Depth  (m) 

0.250 

0.230 
0.330 


0.810 
Effective  size  and  uniformity  coefficients  were  not  available, 
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(i)      Filters  (cont'd) 

Settled  Water  Turbidity  Range    1.1  -  18.5  (daily  average  of  hourly  readings) 
(NTU)  These  figures  are  obtained  by  operators  taking 

grab  samples  from  sample  taps  in  the  filter 
deck  lab  every  hour  and  measuring  the 
turbidity  with  a  Hach  Ratio  turbidimeter.  The 
daily  reported  values  are  averages  of  the 
hourly  readings. 

Effluent  Turbidity  Range  (NTU)    0.21  -  2.70  (daily  average  of  hourly  readings) 

These  figures  are  obtained  by  operators  taking 
grab  samples  from  sample  taps  in  the  filter 
deck  lab  every  hour  and  measuring  the 
turbidity  with  a  Hach  Ratio  turbidimeter.  The 
daily  reported  values  are  averages  of  the 
hourly  readings. 

Length  of  Run  The  filters  are  backwashed  when  the  headloss 

through  the  bed  reaches  1.9  m.  The  filter 
runs  may  vary  from  10  to  36  hours,  depending 
on  the  raw  water  quality. 

Headloss  (Clean  Bed/Dirty  Bed)    0.4  m  -  1.9  m 

Flow  Rate  Total  Flow      Filtration  Rate  * 

270  ML/d  8.7  m/h 

175  ML/d  5.6  m/h 

Backwash  Flow  Low  Wash     29  m/h 

High  Wash     58  m/h 

Backwash  Water/Wash  9.3  -  10.1  m3/m2 


Assuming  all  filters  are  operating  at  the  same  rate. 
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(i) 


Filters  (cont'd) 


The  filter  backwash  system  consists  of  the  following  pumps: 


NO.  OF     TYPF     CAPACITY   HEAD   POWER  !  MANUFACTURER 
PUMPS              (ML/d)    (m)    (kW) 

1  1  Electric    90.8     12.2  i   186  1  Worthington 

2  |  Electric     45.4     12.2     56  1  DeLaval 

The  larger  pump  is  normally  used  for  backwashing.  The  two  older  pumps  are 
standby  equipment  and  are  only  used  in  an  emergency.  The  larger  pump  draws 
water  from  Reservoir  D;  the  two  smaller  pumps  draw  water  from  the  clearwells. 

The  backwash  water  transmission  lines  are  equipped  with  check  valves  and  do  not 
constitute  a  potential  cross  connection. 

All  filters  are  equipped  with  surface  agitators,  which,  in  general,  operate  at 
flows  of  1.8  m/h  at  the  plant  service  water  pressure. 


(J) 


Clearwells 


All  clearwells  are  constructed  of  concrete. 


Clearwell  under  Filters  1-5 
Clearwell  under  Filters  6-10 

TOTAL 


Capacity  (ML) 

2.1 
2.1 

4.2 


Each  clearwell  is  divided  into  two  sections  which  are  connected  by  a  U-shaped 
pipe. 
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(k) 


Reservoirs 


There  are  four  concrete  reservoirs  at  the  Windsor  plant. 

Capacity  (ML) 


Reservoir  A 
Reservoir  B 
Reservoir  C 
Reservoir  D 


TOTAL 


9.0 
11.0 
23.0 
68.0 

111.0 


The  transmission  of  water  between  the  clearwells  and  reservoirs  is  shown  in 
Figure  2  on  the  opposite  page. 


(I) 


High  Lift  Pumping 


The  A.J.  Brian  Pumping  Station  contains  six  (6)  high  lift  pumps;  four  electric, 
vertical  centrifugal  pumps,  and  two  diesel  pumps.  The  two  diesel  pumps  are  used 
during  power  failures.  The  diesels  are  run  once  a  week  as  a  maintenance 
routine. 


PUMP 

r 

TYPE 

CAPACITY 

POWER 

NO. 

(ML/d) 

(kW) 

1 

Electric 

82.0 

522 

2 

Electric 

96.0 

671 

3 

Electric 

73.0 

503 

4 

Electric 

100.0 

671 

5 

Diesel 

68.0 

6 

Diesel 

68.0 

TOTAL 

INSTALLED 

487 

FIRM  ( 

;apacity 

387 

The  firm  capacity  assumes  the  loss  of  the  largest  pump. 


(m) 


Backwash  Treatment 


Presently,  the  plant  has  no  waste  treatment  facilities.  The  backwash  water  is 
discharged  directly  into  the  Detroit  River. 
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(n)     Settling  Tank  Waste 

The  settling  tank  sludge  is  also  discharged  directly  into  the  Detroit  River. 
The  basins  are  manually  cleaned  every  six  months. 

C.3     Chemical  Systems 

(a)     Disinfectant 

Chlorine  is  stored  as  a  liquid  in  0.9  tonne  cylinders.  The  chlorine  storage 

room  is  located  on  the  main  floor  of  the  A.J.  Brian  Pumping  Station.   The 

storage  room  has  space  for  8  chlorine  cylinders  plus  the  4  cylinders  in  use. 
The  storage  space  is  usually  completely  utilized. 

Application  points: 

Pre-     Raw  water  wells  (prior  to  travelling  water  screens) 

Post-    High  lift  pump  suction  (after  venturi  meters) 

Equipment: 

Pre-     2  -  909  kg/d  Wallace  &  Tiernan  Chlorinators 

Post-     2-68  kg/d  Wallace  &  Tiernan  Chlorinators  (one  to  the  north 
suction  header,  one  to  the  south  suction  header) 

2  -  scales,  each  hold  two  0.9  tonne  cylinders 

The  combined  total  feed  rate  from  the  chlorinators  could  be  1954  kg/d,  for  a 
total  dosage  of  7.2  to  11.2  mg/L  for  270  and  175  ML/d  flow  rates,  respectively. 

A  control  valve  in  the  pre-chlorine  line  is  manually  adjusted  to  split  the 
chlorine  feed  to  the  two  application  points.  The  appropriate  flow  split  is 
verified  by  chlorine  residual  measurements  taken  every  hour  at  the  respective 
application  points.  A  separate  68  kg/d  chlorinator  feeds  each  treated  water 
suction  header  and  the  flow  is  regulated  by  a  control  valve.  Flow  rates  are 
verified  by  rotameter  readings. 
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(b)  Coagulant 

Liquid  alum  is  stored  in  four  PVC-lined  storage  tanks.  There  are  three  wood 
stave  tanks,  each  having  a  capacity  of  18,150  L,  and  one  concrete  tank  with  a 
capacity  of  36,300  L.  The  storage  tanks  are  located  in  the  chemical  storage 
area  in  the  west  end  of  the  filtration  plant. 

Alum  is  fed  directly  from  the  storage  tanks  with  two  Wallace  &  Tiernan  alum 
metering  pumps;  one  simplex  and  one  duplex  pump.  Each  head  has  a  maximum 
capacity  of  3770  L/d.  The  maximum  dosage  capacities  are  27.2  and  42  mg/L  for 
270  and  175  ML/d,  respectively.  During  the  period  studied,  the  alum  dosage 
varied  from  0  to  44  mg/L,  which  exceeds  the  equipment  capacity  of  the  metering 
pumps  at  a  flowrate  of  270  ML/d. 

The  pump  stroke  positions  are  normally  at  approximately  70%,  and  the'  speed  of 

the  pumps  are  manually  adjusted  from  the  control  room  by  a  speed  control 

mechanism  for  dosage  control.  The  dosage  may  be  adjusted  as  raw  water  quality 
conditions  change,  as  dictated  by  jar  testing. 

The  application  point  is  into  the  raw  water  wells  just  before  the  travelling 
water  screens.  Alum  and  fluoride  are  fed  into  a  common  service  water  line, 
which  discharges  onto  the  water  surface  in  the  raw  water  well.  It  has  been 
speculated  that  alum  may  consume  part  of  the  fluoride  dosage.  The 
appropriateness  of  adding  these  chemicals  together  should  be  investigated. 

(c)  Fluoride 

Fluoride  is  added  in  the  form  of  hydrofluosilicic  acid.  The  acid  is  stored  in 
a  PVC-lined  wood  stave  tank.  The  capacity  of  the  tank  is  18,150  L.  The  storage 
tank  and  day  tank  are  located  in  the  chemical  storage  area  in  the  west  end  of 
the  filtration  plant. 

Fluoride  is  fed  from  a  polyethylene  day  tank,  which  has  a  capacity  of  1360  L. 
The  fluoride  is  metered  by  two  Wallace  &  Tiernan  metering  pumps,  each  having  a 
capacity  of  3770  L/d.  The  maximum  dosage  capacity  with  both  pumps  operating  is 
6.7  and  10.3  mg/L  Ffor  270  and  175  ML/d,  respectively.  The  pump  stroke 
positions  are  normally  at  approximately  70%,  and  the  speed  of  the  pumps  are 
manually  adjusted  for  dosage  control. 
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(c)  Fluoride  (cont'd) 

The  application  point  is  into  the  raw  water  wells  just  before  the  travelling 
water  screens.  Alum  and  fluoride  are  fed  into  a  common  service  water  line,  and 
are  then  added  to  the  raw  water  well.  Under  most  conditions,  only  one  raw  water 
well  is  operated  at  a  time,  so  all  of  the  chemicals  go  to  one  application  point. 
If  both  raw  water  wells  are  in  operation,  there  is  a  valve  in  the  line  which  is 
used  to  proportionally  split  the  flow  of  chemicals  to  the  two  application 
points. 

(d)  Polymer 

Percol  LT24  cationic  polymer  is  stored  as  a  powder  in  22.7  kg  bags.  One  bag  of 
polymer  is  mixed  with  2724  L  of  water  to  produce  a  polymer  solution  with  a 
concentration  of  approximately  8.3  g/L.  The  powdered  polymer  and  the  day  tanks 
are  located  in  a  separate  chemical  room  at  the  northeast  corner  of  the 
filtration  plant. 

Polymer  solution  is  fed  from  two  day  tanks,  each  having  a  capacity  of  2724  L. 
The  polymer  is  metered  by  a  Hills  McCanna  metering  pump  which  has  a  capacity  of 
2270  L/d.  The  maximum  dosage  capacities  are  0.07  and  0.11  mg/L  for  270  and  175 
ML/d,  respectively.  During  the  period  studied,  the  polymer  dosage  varied  from  0 
to  0.25  mg/L,  which  exceeds  the  equipment  capacity  of  the  metering  pump  at  a 
flowrate  of  270  ML/d. 

The  pump  stroke  position  is  normally  at  approximately  70%,  and  the  speed  of  the 
pump  is  manually  adjusted  for  dosage  control.  The  pump  speed  is  adjusted  in  the 
filter  deck  control  room  by  a  variable  speed  control  mechanism. 

The  polymer  solution  is  fed  into  a  25  mm  service  line.  This  line  has  a  tee,  and 
one  line  runs  to  each  of  the  two  low  lift  discharge  headers.  A  control  valve  is 
used  to  split  the  polymer  feed  between  the  two  headers. 
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C.4     Standby 

In  the  event  of  a  power  failure,  emergency  batteries  provide  internal  lighting 
and  instrumentation.  If  the  power  is  out  for  longer  than  15  minutes,  the  A.J. 
Brian  diesel  pumps  and  reservoir  pumps  are  used.  Normally,  the  filtration  plant 
does  not. operate  during  a  power  outage.  If  the  power  remains  off  for  an 
extended  period,  a  670  kW  generator  could  operate  two  90  ML/d  low  lift  pumps. 


C.5      Drawings 

(a)  Site  Plan 

Following  is  a  site  plan  of  the  Windsor  Water  Treatment  Plant. 

(b)  Process  and  Piping  Diagram 

A  process  flow  and  piping  diagram  was  not  available  from  the  record  drawings. 

(c)  Block  Schematic 

Following  is  a  block  flow  diagram  of  the  Windsor  Plant. 

(d)  Photographs 

Following  is  a  series  of  photographs  to  illustrate  major  components  and  chemical 
feed  systems. 
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WINDSOR  WATER  TREATMENT  PLANT  (FILTRATION  PLANT) 


ADMINISTRATION  BUILDING  AND  CHEMICAL  LABORATORY 
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ALBERT  J.  BRIAN  (A.J.B.)  PUMPING  STATION 


ALBERT  J.  BRIAN  (A.J.B.)  PUMPING  STATION 
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ALUM  AND  FLUORIDE  ADDITION  INTO  RAW  WATER  WELL  (FILTRATION  PLAN 


TRAVELLING  WATER  SCREENS  (FILTRATION  PLANT) 
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LOW  LIFT  PUMPS  (FILTRATION  PLANT) 


ALUM  AND  FLUORIDE  CHEMICAL  METERING  PUMPS 
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A.J.B.  INTAKE  AND  TRAVELLING  WATER  SCREEN 
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RAW  WATER  SAMPLING  PUMP  (A.J.B.) 


-23- 


A.J.B.  LOW  LIFT  PUMPS 


THREE  ALUM  STORAGE  TANKS 
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FLUORIDE  STORAGE  TANK  AND  DAY  TANK 


POLYMER  SOLUTION  AND  CHEMICAL  METERING  PUMP 
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"r-3" 


SAMPLING  PUMPS 


SETTLING  TANKS 
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FILTERS 


FILTER  GALLERY 
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PIPE  GALLERY 


WAS  H  WATER  PUMP 
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OPERATOR'S  LAB 


OPERATOR'S  LAB  CONTROL  PANEL 
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A.J.B.  HIGH  LIFT  PUMPS  AND  CONTROL  PANEL 


A.J.B.  HIGH  LIFT  PUMPS 
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CHLORINE  STORAGE  (A.J.  BRIAN  P.S.) 


CHLORINATORS  AND  EVAPORATORS 
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ACCESS  TO  CHLORINE  STORAGE  -  A.J.  BRIAN  P.S. 
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BACTERIOLOGICAL  AND  ATOMIC  ABSORPTION  LAB 


WET  CHEMISTRY  LAB 
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SECTION  D 
PLANT  OPERATION 


SECTION  D 
PLANT  OPERATION 

D.1  Plant  Operation 

(a)  General 

The  original  1924  plant  has  5  filters,  and  the  1953  expansion  added  another  5 
filters.  The  plant  is  presently  rated  at  approximately  270  ML/d. 

(b)  Flow  Control 

RAW  WATER 

There  are  two  separate  low  lift  pumping  stations  at  the  Windsor  Water  Treatment 
Plant.  The  filtration  plant  low  lift  station  is  normally  used,  and  when  this 
station  is  pumping  at  its  maximum,  as  indicated  by  a  low  water  level  in  the 
well,  A.J.  Brian  low  lift  pumps  are  turned  on.  The  A.J.  Brian  pumps  are  also 
used  when  the  filtration  plant  low  lifts  are  undergoing  maintenance. 

The  raw  water  flow  is  dictated  by  the  system  demand,  and  is  increased  if  the 
settling  tank  water  level  decreases.  The  operator  manually  adjusts  the  number 
of  raw  water  pumps  to  meet  this  demand.  There  is  a  settling  basin  high  level 
alarm  to  alert  the  operator  to  reduce  the  low  lift  flow  rate. 

FILTRATION 

During  the  summer  months  (May  -  September),  the  filters  are  set  at  their  maximum 
capacity  of  27  ML/d,  and  during  the  winter  months,  the  filters  are  set  at  18 
ML/d.  The  number  of  filters  operated  is  dictated  by  the  daily  flow  demand.  The 
daily  calculated  'filtered'  water  and  'delivered'  (filtered  minus  backwash) 
water  flows  assume  that  the  filtration  rate  is  obtained  and  remains  constant. 
Preliminary  investigation  into  the  filtration  rates  indicates  that  the  actual 
filter  rates  are  dictated  by  the  head  loss  through  the  filter  and  do  not  remain 
constant. 
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(b)  Flow  Control  (cont'd) 

HIGH  LIFT  PUMPING 

The  A.J.  Brian  High  Lift  Pumping  Station  draws  water  from  the  four  on  site 
reservoirs.  The  J.F.  Cook  reservoir  (45  ML)  and  pumping  station  is  remotely 
located  (southern  part  of  city)  and  provides  flow  equalization,  as  well  as 
improving  the  water  pressure  in  the  distribution  system.  An  elevated  tank  (5.7 
ML)  'floats'  on  the  water  system  and  fills  or  feeds  the  system  depending  on 
water  pressures  in  the  local  area. 

The  A.J.  Brian  pumping  station,  J.F.  Cook  reservoir,  and  the  elevated  tank  all 
provide  water  to  the  distribution  system  as  the  demand  dictates.  The  operator 
manually  adjusts  the  number  and  speed  of  the  high  lift  pumps  to  maintain  a 
pressure  of  440  to  445  kPa  at  the  A.J.  Brian  Pumping  Station.  The  high  lift 
pumps  discharge  into  two  separate  headers,  the  north  and  south  headers.  These 
headers  meet  outside  the  A.J.  Brian  Pumping  Station,  and  therefore,  it  is 
irrelevant  which  header  the  high  lift  pumps  are  feeding.  The  operator  chooses 
high  lift  pumps  to  supply  the  system  demand. 

(c)  Filter  Backwashing 

The  main  criteria  for  initiating  a  backwash  at  the  Windsor  plant  is  head  loss. 
A  filter  is  backwashed  when  the  head  loss  through  the  filter  is  1.9  m. 
Individual  effluent  turbidimeters  were  installed  in  1987.  After  initially 
experiencing  some  mechanical  problems,  the  turbidimeters  are  now  operational. 
The  longest  running  filter  effluent  turbidity  is  also  manually  monitored  each 
hour  up  to  a  head  loss  of  approximately  1.25  m,  at  which  point  the  pressure  is 
below  atmospheric  and  a  sample  cannot  be  obtained.  Samples  can  then  be  obtained 
from  a  common  filter  effluent  (effluent  from  both  cells)  at  a  different 
location.  Since  installing  the  effluent  turbidimeters,  turbidity  breakthrough 
is  also  used  as  a  criteria  for  backwashing  a  specific  filter.  If  the  filter 
effluent  turbidity  rises  to  0.7  NTU,  the  filter  is  then  backwashed.  A  copy  of 
the  backwashing  procedure  followed  at  the  Windsor  plant  is  included  in  Appendix 
B. 
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(c)  Filter  Backwashing  (cont'd) 

The  low  and  high  wash  rates  of  29  and  58  m/h  provide  a  bed  expansion  of 

approximately  13%  and  42%,  respectively,  at  15°C.  The  low  backwash  rate  is 
operated  for  1  to  2  minutes  as  the  backwash  flow  valve  is  opening.   The  filter 

is  then  backwashed  at  the  high  rate  for  8  to  9  minutes,  for  a  total  wash  time  of 

10  minutes.  Our  experience  indicates  that  the  high  wash  rate  should  provide  a 

bed  expansion  of  approximately  10%  to  35%.  The  bed  expansion  of  42%  provided  by 
Windsor's  high  backwash  rate  could  remove  some  of  the  media. 

As  noted  earlier,  the  volume  of  water  used  during  a  backwash  is  approximately  10 
m3/m2.  Our  experience  indicates  that  a  wash  volume  of  4.0  -  5.0  m3/m2  should 
properly  clean  a  filter  bed.  The  reported  wash  volume  of  10  m3/m2  is  quite 
high. 

(d)  Chemical  Dosage  Control 

There  are  six  (6)  chemical  application  points  in  the  Windsor  Water  Treatment 
Plant.  Alum,  fluoride,  and  pre-chlorine  are  added  into  the  two  raw  water  wells. 
Polymer  is  added  into  the  two  low  lift  discharge  headers.  Post  chlorine  is 
added  into  the  two  high  lift  suction  mains. 

The  chemical  metering  pumps  (alum,  fluoride  and  polymer)  are  calibrated  twice  a 
year  by  time  displacement  tests. 

PRE-CHLORINE 

The  pre-chlorine  dosage  is  manually  adjusted  to  obtain  a  free  residual  of  1.5 
mg/L  at  the  mid-settling  basin  location.  From  the  relatively  low  chlorine 
dosage  information  tabulated  in  Appendix  A,  the  Ministry  of  the  Environment 
questions  that  this  residual  is  obtained. 
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(d)  Chemical  Dosage  Control  (cont'd) 

PRE-CHLORINE  (cont'd) 

Free  chlorine  residuals  are  measured  and  recorded  hourly  at  three  sample 
locations  by  the  operators.  The  three  locations  are:  1)  the  entrance  to  the 
settling  basins,  2)  mid-basin,  and  3)  filter  effluent  (usually  the  longest 
running  filter).  The  daily  average  filter  effluent  chlorine  residual  is 
calculated  from  the  hourly  readings  and  is  recorded  as  the  pre-chlorine 
residual  on  the  Filtration  Plant  Operation  -  Daily  Report  Sheet.  These  are  the 
values  tabulated  in  Appendix  A. 

The  24  hour  pre-chlorine  usage  is  obtained  from  the  hourly  weigh  scale  readings. 
The  daily  pre-chlorine  dosage  is  calculated  from  this  weight  measurement. 

POST  CHLORINE 

The  post  chlorine  dosage  is  applied  to  the  treated  water  in  both  the  northerly 
and  southerly  A.J.  Brian  high  lift  suction  mains.  The  injection  points  are 
located  after  the  venturi  meters  (see  site  plan). 

The  chlorine  dosage  rate  is  manually  adjusted  to  maintain  a  plant  effluent  free 
chlorine  residual  of  1.0  mg/L  in  the  winter,  and  1.2  mg/L  in  the  summer.  The 
plant  operators  measure  the  combined  plant  effluent  free  chlorine  residual  every 
hour  by  an  amperometric  titration.  The  free  chlorine  residual  of  either  the 
north  or  south  high  lift  discharge  header  is  continuously  analyzed  and  recorded 
on  a  chart  by  a  Fisher  &  Porter  chlorine  analyzer.  Sample  lines  run  from  both 
discharge  headers,  and  the  continuous  chlorine  analyzer  alternates  from  each 
location  every  hour.  The  main  lab  measures  and  records  the  plant  effluent  free, 
combined,  and  total  chlorine  residuals  once  a  day. 

The  post  chlorine  flowrate  is  recorded  hourly  from  the  rotameter  reading.  A  24 
hour  average  flow  rate  is  determined,  and  the  post  chlorine  dosage  is  calculated 
from  this. 
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(d)  Chemical  Dosage  Control  (cont'd) 

ALUM 

During  the  period  examined,  the  alum  dosage  varied  from  0  to  44  mg/L.  The  raw 
water  quality  changes  significantly,  as  indicated  by  the  raw  water  turbidity 
range  of  1  to  185  NTU. 

A  turbidity  profile,  with  measurements  of  raw,  filter  influent,  filter  effluent, 
and  tap  water  are  taken  and  recorded  every  hour.  In  this  way,  a  change  in  raw 
water  turbidity  and  a  corresponding  change  in  settled  water  turbidity  can  be 
recognized  and  dealt  with  by  a  change  in  alum  dosage  before  significant  effects 
are  felt  by  the  filters.  The  alum  dosage  is  manually  adjusted  by  the  operator 
to  achieve  a  turbidity  of  less  than  10  NTU  going  onto  the  filters. 

Jar  tests  are  not  usually  conducted  at  the  Windsor  plant,  however;  under 
changing  raw  water  conditions,  a  jar  test  is  performed.  The  jar  test  provides 
an  indication  of  chemical  requirements  to  treat  the  changing  raw  water  quality. 

The  alum  metering  pump  stroke  position  is  usually  set  at  70%,  and  the  speed  of 
the  pump  is  varied  manually  for  dosage  control.  Alum  is  fed  from  only  one 
storage  tank  at  a  time.  Daily  alum  usage  is  determined  by  measuring  the  level 
drop  in  the  bulk  storage  tank. 

FLUORIDE 

Fluoride  is  added  to  the  water  in  the  form  of  hydrofluosilicic  acid.  The  acid 
is  fed  by  one  of  two  metering  pumps,  which  are  manually  adjusted  for  dosage 
control . 

The  fluoride  dosage  ranges  from  0  to  7.9  mg/L  of  hydrofluosilicic  acid  (0  to  1.9 
mg/L  F")  to  maintain  a  plant  effluent  concentration  of  1.1  to  1.2  mg/L  F~.  Acid 
usage  is  checked  by  day  tank  weight  readings,  taken  daily. 

The  fluoride  concentration  in  the  combined  plant  effluent  is  measured  and 
recorded  every  two  hours  by  the  plant  operators.  The  main  lab  also  performs 
fluoride  analysis  once  a  day  on  a  raw  water  sample,  a  composite  filtered  water 
sample,  and  tap  water  samples. 
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(d) 


Chemical  Dosage  Control  (cont'd) 


POLYMER 


A  Percol  LT24  cationic  polymer  solution  having  a  concentration  of  approximately 
8.3  mg/L  is  added  to  the  water.  The  solution  is  fed  by  a  metering  pump,  and  the 
speed  is  manually  adjusted  for  dosage  control.  A  solution  of  polymer  is 
prepared  each  day  at  midnight. 

The  polymer  dosage  ranges  from  0  to  0.25  mg/L.  The  applied  polymer  dosage  is 
based  upon  jar  testing  and  operator  experience;  it  is  not  proportional  to  the 
alum  dosage. 


(e) 


Quality  Control  Testing 


The  following  table  lists  pertinent  information  on  the  sample  systems  in  use  at 
the  Windsor  plant.  All  sample  lines  listed  below  terminate  in  the  filter  deck 
lab. 


LENGTH/     FLOW         VELOCITY    TRAVEL  TIME 
SOURCE             SIZE     (L/min)        (m/s)        (min) 

(m/mm)   |  Max>  =  Norm.|  Max.  =  Norm.  1  Max.  =  Norm. 

Raw  Water 
(intake  pipe  in  operation):  60/19       4.3         0.25        4 

Settled  Water 
(First  basin  -  Start)       35/19       2.6         0.15        3.9 

Clearwell 
(Second  basin  -  Middle)     75/19       7.5         0.44        2.8 

Tap 

(combined  high  lift       105/19       4.3         0.25        7 
discharge) 

Measurements  made  24  September  1987 

NOTE:  All  sample  lines  are  19  mm  diameter  pipe.  The  raw  water  sample  line  will 
be  converted  to  stainless  steel  in  the  near  future. 
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(e)     Quality  Control  Testing  (cont'd) 

The  sample  flow  rate  was  determined  by  a  time-displacement  test.  The  sample 
taps  were  operating  at  their  maximum  flow  rate  when  measured. 

There  are  also  3  DWSP  sampling  lines  at  the  plant;  filtration  plant  raw  water 
{old  intake),  south  discharge  header  and  north  discharge  header.  Since  the 
velocities  in  most  of  the  plant  sampling  lines  are  low  and  may  not  keep  the 
sediment  suspended,  the  turbidity  results  taken  at  these  locations  may  be 
questionable. 
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(e)  Quality  Control  Testing  (cont'd) 

IN-PLANT  MONITORING  , 

The  following  table  gives  a  list  of  the  tests  performed  at  the  plant  and  at  the 
main  laboratory: 


TEST 

SAMPLE 
POINT 

TESTING 
FREQUENCY 

REPORTING 
FREQUENCY 

TESTING 
INSTRUMENT 

TEST 
LOCATION 

1  CI 2  Residual 

I  -  Pre-free 

Filter 

Effluent 

(usually 

longest 

running 

filter) 

1/hour 

1/hour  + 
1/hour  * 
1/day  ** 
(avg.  of 
hourly 
readings) 

W&T  Amp. 
Titrator 
(calibrated 
daily) 

Filter 
Deck  Lab 

1  -  Pre-free 

First  Basin 
(entrance  to 
basin) 

1/hour 

1/hour  + 

W&T  Amp. 
Titrator 

Filter 
Deck  Lab 

1  -  Pre-free 

Mid  Basin 
(middle  of 
basin) 

1/hour 

1/hour  + 

W&T  Amp. 
Titrator 

Filter 
Deck  Lab 

1  -  Post-free 

Tap 

(combined 
high  lift 
discharge) 

1/hour 

1/hour  * 
1/day  ** 
(avg.  of 
hourly 
readings) 

W&T  Amp. 
Titrator 

Filter 
Deck  Lab 

1  -  Post-free 

Tap 

(combined 
high  lift 
discharge) 

1/day 

1/day  t 
1/day  oc 

W&T  Amp. 
Titrator 

Main  Lab 

-  Post- 
I   combined 

Tap 

(combined 
high  lift 
discharge) 

1/day 

1/day  « 

W&T  Amp. 
Titrator 

Main  Lab 

1  -  Post-total 

Tap 

(combined 
high  lift 
discharge) 

1/day 

1/day  oc 

W&T  Amp. 
Titrator 

Main  Lab 

1  -  Post-free 

North  or 
South  AJB 
discharge 

Continuous 

recorded 
on  chart 

F&P  Continuous 
CI 2  analyzer 

(calibrated 
once/day) 

AJB 
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(e)  Quality  Control  Testing  (cont'd) 

IN-PLANT  MONITORING 


TEST 

SAMPLE 
POINT 

TESTING 

FREQUENCY 

REPORTING 
FREQUENCY 

TESTING 
INSTRUMENT 

TEST     | 

LOCATION  I 

1  Turbidity 

Raw 

(sampl ing 
line  to 
intake  in 
operation) 

1/hour 

1/hour  + 

Hach  Ratio 
Turbidimeter  * 

Filter 
Deck  Lab  1 

Applied 
(sample  line 
in  pipe  gal- 
lery, water 
from  top  of 
Filter  1) 

1/hour 

1/hour  + 

Hach  Ratio 
Turbidimeter 

Filter 
Deck  Lab  1 

Longest  Run- 
ning Filter 

1/hour 

1/hour  + 

Hach  Ratio 
Turbidimeter 

Filter 
Deck  Lab  1 

Tap 

(combined 
high  lift 
discharge) 

1/hour 

1/hour  + 

Hach  Ratio 
Turbidimeter 

Filter 
Deck  Lab  1 

Raw 

(sampling 
line  to 
intake  in 
operation) 

1/day 

1/day  1 

Hach  Ratio 
Turbidimeter 
(calib.  1/6  mths 
checked  daily) 

Main  Lab  1 

Tap 

(combined 
high  lift 
discharge) 

1/day 

1/day  œ 

Hach  Ratio 
Turbidimeter 

Main  Lab 

1  Temperature 

Raw 

(sampl ing 
line) 

1/hour 

1/hour  + 

In-line  probe 

Filter 
Deck 

Tap 

(combined 
high  lift 
discharge) 

Daily 

1/hour  + 

Filter 
Deck 

*  Turbidimeter  is  calibrated  once  every  3  months  with  Formaz'n  standards  made  at 
the  lab.  Latex  standards  obtained  from  the  U.S.  are  also  used  to  verify  the 
calibration.  The  turbidimeter  is  checked  each  day  with  the  standards. 
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(e)  Quality  Control  Testing  (cont'd) 

IN-PLANT  MONITORING 


TEST 

SAMPLE 
POINT 

TESTING 
FREQUENCY 

REPORTING 
FREQUENCY 

TESTING 
INSTRUMENT 

TEST 
LOCATION 

1  Taste  &  Odour 

Raw 

(sampling 

line) 

1/hour 

1/hour  + 

Operator  smells 
water  to  check 
if  odour  is  OK 

Filter 
Deck 

Filtered 

1/hour 

1/hour  + 

Operator  smells 
water  to  check 
if  odour  is  OK 

Filter 
Deck 

Tap 

(combined 
high  lift 
discharge) 

1/hour 

1/hour  + 

Operator  smells 
water  to  check 
if  odour  is  OK 

Filter 
Deck 

Raw 

(sampling 

line) 

1/month 

1/month  ° 

TON  evaluated 

Main  Lab 

Tap 

(combined 
high  lift 
discharge) 

1/month 

1/month  ° 

TON  evaluated 

Main  Lab 

pH 

Raw 

(sampling 
line) 

1/hour 

1/hour  + 

Corning  pH  meter 
(calib.  daily) 

Filter 
Deck 

Filtered 
(longest 
running) 

1/hour 

1/hour  + 

Corning  pH  meter 

Filter 
Deck 

Raw 

(sampl ing 
line) 

1/day 

1/day 

Metrohm  Herisau 

Main  Lab 

Tap 

(combined 
high  lift 
discharge) 

1/day 

1/day 

pH  meter(Dosimat' 
(calib.  daily) 

Main  Lab 
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(e) 


Quality  Control  Testing  (cont'd) 


IN-PLANT  MONITORING 


1  Jrrj                        1  SAMPLE       TESTING   1  REPORTING  1  TESTING        I  TEST     | 
1  IL:>I            POINT       FREQUENCY   FREQUENCY   INSTRUMENT       LOCATION 

1  Fluoride      I  Tap       1  1/2  hours  1  1/2  hours  1  Spadns  Method    Filter 
1             1  (combined  III             1  Deck 
1              1  high  lift   1          1          1               1 
1              1  discharge)  1 

1              1  Raw       I  1/day     1  1/day     1  Bausch  &  Lomb   I  Main  Lab  1 
1             1 (sampling   1          1          1  Spectrophoto-   1 
1             1  line)      1          1          1  meter         1 

1  Filtered   1  1/day     1  1/day     I  Bausch  &  Lomb  1  Main  Lab  1 
1             1 (composite  1          1          1  spectrophoto-   1 
1  sample)    1                   1  meter 

1  Tap        1/day     1  1/day     1  Bausch  &  Lomb  1  Main  Lab 
1  (combined   1          1          1  Spectrophoto-  I 

1              1  high  lift   1                    1               1 

1             1  discharge,  1                   1 

1             1  composite  1          1          1  meter 
1  sample) 

1  Alkalinity     1  Raw-      -1  1/day     1  1/day     1  Titration  to   1  Main  Lab 
1 (sampling   1                   1  pH  4.3 
1  line)      1 

1             1  Tap       1  1/day     1  1/day     1  Titration  to   1  Main  Lab 
1             1  (combined  1          1          1  pH  4.3                1 
1             1  high  lift  III             1 
1  discharge)  1 

Hardness      1  Raw       I  1/day      1/day      EDTA  titration  j  Main  Lab 
1              1 (sampling   1          1          1 
Mine)      1          1          1 

1  Tap       1  1/day     1  1/day     1  EDTA  titration  I  Main  Lab 
1             1  (combined  III             1 
1              1  high  lift   1                    1              1 
1         .     1  discharge)  1 
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(e)  Quality  Control  Testing  (cont'd) 

IN-PLANT  MONITORING 


TEST 

SAMPLE 

TESTING 

REPORTING 

TESTING 

1  TEST     I 

POINT 

FREQUENCY 

FREQUENCY 

INSTRUMENT 

LOCATION 

1  Bacteriologi- 

1  cal  Testing 

1  (Total  coliform, 

Raw 

1/4  hours* 

1/8  hours* 

1  Main  Lab  1 

1  Fecal  coliform, 

(sampling 

1  Total  strep.) 

line) 

Filtered 

1/4  hours* 

1/4  hours* 

1  Main  Lab 

(longest 

running) 

Tap 

1/4  hours* 

1/4  hours* 

1  Main  Lab  1 

(combined 

high  lift 

discharge) 

1 (Total  Plate 

Raw 

1/4  hours* 

1/4  hours* 

1  Main  Lab 

1  Count) 

(sampling 
line) 

Tap 

1/4  hours* 

1/4  hours* 

1  Main  Lab 

(combined 

high  lift 

discharge) 

(Fecal) 

Raw 

1/day  * 

1/day  * 

Windsor 

(sampling 

3/day  ** 

3/day  ** 

Essex  County  1 

line) 

Health  Unit  1 

1  (Fecal,  total) 

Filtered 

1/day  * 
3/day  ** 

1/day  * 
3/day  ** 

ii 

1  (Fecal,  total) 

Tap 

1/day  * 

1/day  * 

h 

(combined 

3/day  ** 

3/day  ** 

high  lift 

discharge) 

NOTE:  A  metal  analysis  is  run  once  a  month  on  the  raw  and  tap  water  by  the  Main 
production  lab  at  the  Windsor  plant.  The  analysis  includes  Al ,  NH3,  Ca,  Cd,  C02, 
CI,  Cr6,  D.O.,  Cu,  F,  Fe,  Pb,  Mg,  Hg,  NO3,  P,  K,  Si,  Na,  SO4,  Zn,  suspended 
solids,  dissolved  solids,  and  total  solids. 

*  Analyses  conducted  Monday  to  Friday.  **  Analyses  conducted  Saturday  -  Sunday. 

Record  of  test  Results 


* 


<x 
0 


Daily  Chlorine  and  Taste  and  Odour  Record 

Filtration  Plant  -  Daily  Report  Sheet 

Filtration  Plant  Record 

Laboratory  Testing  Daily  Report  Sheet 

Daily  Water  Analyses  Sheet  (initiated  in  1985) 

Windsor  Utilities  Commission  -  Detroit  River  Raw  and 

Filtered  Water  Analysis 
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D.2     Operation  and  Process  Concerns 

(a)  Raw  Water  Flow  Metering 

There  is  no  raw  water  flow  metering  at  the  Windsor  plant.  This  hinders  the 
ability  to  accurately  control  chemical  feed  systems,  since  chemical  feed  rates 
are  usually  flow  paced  on  a  raw  water  flow  signal.  The  chemical  feed  systems 
are  manually  adjusted  presently. 

(b)  Flocculation  Mixing 

There  is  no  flocculation  mixing  at  the  Windsor  plant. 

(c)  Sedimentation  Detention  Time 

As  mentioned  earlier,  the  detention  time  in  the  sedimentation  basins  is  78  and 
120  minutes  at  270  and  175  ML/d  flow  rates,  respectively.  For  the  same  flow 
conditions,  the  overflow  rates  are  4.6  and  3.0  m/h,  respectively.  The  amount  of 
solids  removed  under  these  conditions  may  be  inadequate. 

(d)  Filter  Flow  Control  and  Metering 

During  the  summer  months  (May  -  September),  the  filters  are  set  at  their  maximum 
capacity  of  27  ML/d,  and  during  the  winter  months,  the  filters  are  set  at  18 
ML/d.  This  assumes  that  the  filtration  rates  are  obtained  and  remain  constant 
in  all  of  the  filters.  As  discussed  earlier,  at  the  higher  filtration  rates  the 
control  valves  cannot  modulate  enough,  and  the  filters  tend  to  operate  in  a 
declining  rate.  There  is  no  direct  indication  of  flow  rate  through  any  of  the 
filters,  and  therefore,  there  is  no  way  of  evaluating  and  controlling  the  flow 
rate  of  any  one  filter  at  any  time. 
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(e)  Filter  Media 

The  average  media  depths  in  the  filters  is  quite  low,  as  documented  in  Section 
C.2(i).  Some  additional  media  has  been  added,  but  this  condition  should  be 
reviewed. 

(f)  Wash  Water  Volume 

The  backwash  water  volume  used  at  the  Windsor  plant  is  approximately  10  m3/m2. 
Our  experience  indicates  that  a  wash  volume  of  4.0  to  5.0  m3/m2  should  properly 
clean  a  filter  bed.  The  backwash  procedure  should  be  investigated  to  determine 
the  relative  durations  of  the  low  and  high  wash  rates  so  as  to  minimize  the 
backwash  water  volumes. 

(g)  Plant  Effluent  Turbidity 

As  shown  in  Appendix  A,  Table  6.0,  the  daily  average  plant  effluent  turbidity 
exceeded  the  Ontario  Drinking  Water  Maximum  Acceptable  Concentration  of  1  FTU 
forty  times  during  the  period  of  January  1984  to  July  1987.  This  condition  must 
be  reviewed  in  detail  and  corrective  measures  instituted. 

(h)     Aluminum  Residual 

The  aluminum  residual  in  the  treated  water  has  occasionally  exceeded  the 
objective  limit  of  0.1  mg/L.  The  topic  of  aluminum  solubility  and  residual  is 
discussed  in  detail  in  the  following  section. 
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SECTION  E 
PLANT  PERFORMANCE  (PARTICULATE  REMOVAL) 


SECTION  E 

PLANT  PERFORMANCE  (PARTICULATE  REMOVAL) 


E.I 


Turbidity  Removal 


(a) 


General 


The  Windsor  plant  must  deal  with  the  following  raw  water  conditions: 


Turbidity  (NTU) 

1 

185  (avg. 

16.4) 

Colour  (HCU) 

1.5   - 

27.5 

Temperature  (°C) 

0.3   - 

25 

• 

Alkalinity  (mg/L  as  CacÛ3) 

79 

114 

Hardness  (mg/L  as  CaC03) 

92 

138 

Iron  (mg/L) 

0.001  - 

3.0 

Manganese  (mg/L) 

0.002  - 

0.073 

Aluminum  (mg/L) 

0.002  - 

1.631 

The  raw  water  quality  is  fairly  good,  however,  the  high  turbidity  episodes  put  a 
heavy  solids  loading  on  the  plant.  The  months  of  March  and  April  usually 
experience  the  highest  raw  water  turbidities,  although  turbidities  of  about  50 
NTU  can  be  encountered  any  month. 

The  raw  water  turbidities  experienced  by  the  plant  over  the  past  several  years 
are  summarized  in  the  table  below: 


DAILY  AVERAGE 

1984  -  1987 

RAW  WATER  TURBIDITY 

(NTU) 

Max. 

Min. 

Avg. 

January 

49.6 

7.8 

10.9 

February 

26.2 

1.0  1 

5.0 

March 

141.2 

5.5   1 

25.8 

April 

185.0 

4.9   1 

37.4 

May 

82.0 

3.0   1 

14.0 

June 

46.1 

3.4   I 

12.2 

July 

27.0 

4.0   1 

9.5 

August 

34.6 

3.6  1 

9.0 

September 

25.5 

4.1   1 

9.3 

October 

55.0 

3.0   1 

12.1 

November 

98.0 

5.2   1 

27.2 

December 

84.0 

5.3   1 

23.9 
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(b) 


Plant  Performance 


OVERALL  PLANT  PERFORMANCE 

It  is  usual  to  consider  two  conditions  for  plant  operation,  the  maximum 
hydraulic  flow  rate  and  the  maximum  process  flow  rate.  The  maximum  process 
condition,  from  the  standpoint  of  particulate  removal,  occurs  with  the  highest 
solids  loading  on  the  plant.  The  maximum  flow,  which  occurs  during  the  summer 
months,  and  worst  raw  water  quality,  as  shown  in  the  table  on  the  previous  page, 
are  not  coincident  at  this  plant.  The  flow  in  any  year  varies  less  than  about 
3:1,  while  the  raw  water  turbidity  and  corresponding  solids  generated  within  the 
process  can  vary  more  than  50:1;  therefore,  the  maximum  process  condition 
corresponds  to  the  worst  water  quality  condition. 

The  plant  records  for  the  treated  water  during  the  1984-1987  period  are 
summarized  below: 


DAILY  AVERAGE 

1984  -  1987 

TREATED  TURBIDITY  (NTU) 

Max. 

Min. 

Avg. 

January 

1.84 

0.33 

0.61 

February 

1.06 

0.39 

0.67 

March 

2.70 

0.28 

0.70 

April 

1.21 

0.21 

0.59 

May 

1.25 

0.32 

0.63 

June 

1.12 

0.32 

0.68 

July 

0.96 

0.48 

0.67 

August 

1.01 

0.42 

0.69 

September 

1.16 

0.41 

0.64 

October 

2.10 

0.47 

0.70 

November 

2.57 

0.42 

0.65 

December 

1.29 

0.22 

0.56 

These  records  indicate  that  the  treated  water  turbidity  frequently  exceeded  1.0 

NTU. 
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(b)  Plant  Performance  (cont'd) 

ASSESSMENT  OF  OVERALL  PERFORMANCE 

The  turbidity  guideline  in  the  Province  of  Ontario  is  1.0  FTU;  but  clearly  it  is 
important  to  reduce  the  turbidity  to  as  low  a  level  as  practical. 

The  historic  records  of  the  plant  have  been  reviewed  as  a  means  to  assess  plant 
performance  under  various  operating  conditions. 

The  plant  records  indicate  that  the  plant  does  not  always  meet  the  objective 

turbidity  limit  of  1.0  NTU.   In  17  of  the  43  months  examined,  the  turbidity 

limit  was  exceeded.  Graphs  included  in  Appendix  C  as  Figures  2.0  to  2.4  show 
raw,  settled,  and  treated  turbidities,  and  the  alum  dosage  for  various  months 

during  the  period  examined.  The  alum  dosage  was  not  consistently  increased 

during  high  raw  water  turbidity  periods,  and  this  may  have  caused  the  turbidity 
breakthrough.  • 

E.2     Treatability  Testing 

(a)     Jar  Testing 

TURBIDITY  REMOVAL 

Treatability  testing  was  carried  out  on  a  raw  water  sample  collected  21  August 
1987.  The  Laboratory  and  Treatability  results  sheets  are  included  in  Appendix 

D. 

Alum  and  alum  with  Percol  LT24  polymer  were  used  in  the  coagulation/ 
f locculation/sedimentation  testing,  followed  by  filtration  through  a  1.2  ym 
membrane  filter  which,  in  our  experience,  emulates  the  performance  of  a  dual 
media  filter.  The  results  of  the  testing  demonstrate  that  filtration  down  to  a 
turbidity  of  <0.2  NTU  is  achievable  with  an  appropriate  alum  dosage. 
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(a)     Jar  Testing  (cont'd) 

TURBIDITY  REMOVAL  (cont'd) 

The  addition  of  0.1  mg/L  of  Percol  LT24  with  alum  further  reduced  the  resultant 
treated  water  turbidity  to  0.1  NTU.  The  effectiveness  of  polymers  should  be 
examined  with  higher  raw  water  turbidities. 

ALUMINUM  RESIDUAL 

The  use  of  aluminum  salt  coagulants  (alum,  polyaluminum  chloride,  etc.)  in 
potable  water  treatment  plants  may  lead  to  increased  aluminum  concentrations  in 
treated  water,  which  may  result  in  water  quality  and  supply  problems. 

There  is  no  evidence  that  aluminum  is  physiologically  harmful,  and  no 
health-related  limit  has  specified  anywhere  in  the  world  to  our  knowledge. 
However,  the  perception  of  potential  health  problems  associated  with  aluminum 
frequently  emerges. 

Water  supply  problems  may  be  associated  with  increased  aluminum  concentrations 
in  treated  water.  These  problems  include  the  formation  of  a  hydrous  aluminum 
precipitate  in  the  distribution  system  which  may  increase  turbidity  and 
complaints  about  clarity.  Aluminum  floe  in  the  system  may  interfere  with  the 
disinfection  process  by  entrapping  and  protecting  microorganisms.  Another 
problem  attributed  to  increased  aluminum  concentrations  is  deposition  of 
aluminum  hydrolysis  products  on  pipe  walls,  which  decreases  carrying  capacity. 
To  minimize  these  problems,  the  Ontario  Drinking  Water  Objectives  (0DW0)  suggest 
an  operational  guideline  of  <0.1  mg/L  as  Al  in  the  treated  water  leaving  the 
plant. 

An  EPA  survey  of  186  utilities  showed  that  a  number  of  plants  exhibited  high 
residual  aluminum  when  overdosing  of  alum  occurred.  Even  though  some  utilities 
surveyed  stated  that  minimizing  the  alum  dosage  is  a  strategy  for  controlling 
residual  aluminum,  underdosing  of  alum  appears  to  be  just  as  detrimental  to 
turbidity  removal  and  residual  aluminum  control  as  overdosing. 


■51- 


(a)     Jar  Testing  (cont'd) 

ALUMINUM  RESIDUAL  (cont'd) 

Water  quality  problems  associated  with  high  concentrations  of  aluminum  in 
finished  water  have  led  to  discussion  of  ways  to  reduce  residual  aluminum 
concentrations.  One  method  of  reducing  aluminum  concentration  is  to  optimize 
coagulation.  To  have  optimum  coagulation  requires  that  the  best  coagulant, 
dosage,  and  combination  of  operating  conditions  be  selected  for  each  raw  water. 
The  optimum  pH  range  must  also  be  achieved  since  aluminum  is  least  soluble  in 
water  in  the  pH  range  5.5-7.0. 

There  are  treatment  plants  in  Ontario  which  are  currently  using  residual 
aluminum  as  an  "operational  tool"  to  optimize  the  dosge  of  alum.  Operational 
staff  respond  to  any  elevation  in  residual  aluminum  and  make  the  necessary 
adjustments  to  the  plant  operation. 

Aluminum  solubility  in  water  is  a  complex  topic;  but  some  of  the  most 
significant  variables  are  pH,  time  and  temperature.  For  pH  values  greater  than 
6.5,  the  aluminum  residual  increases  directly  with  pH.  Aluminum  residual  is 
inversely  proportional  to  time,  up  to  several  hours,  whereupon  the  solubility 
concentration  remains  fairly  constant.  The  aluminum  residual  is  directly 
related  to  temperature,  but  this  has  a  fairly  minor  impact  over  the  ranges 
encountered  in  natural  waters.  For  times  greater  than  an  hour  and  pH's  greater 
than  about  7.4,  water  will  contain  a  residual  concentration  greater  than  0.1 
mg/L. 

For  the  aluminum  residuals  and  pH  values  found  in  the  waters  at  the  plant,  the 
results  are  consistent  with  general  experimentally  determined  values. 
Therefore,  it  is  not  surprising  to  find  aluminum  concentrations  greater  than  0.1 
mg/L. 

Windsor's  treated  water  aluminum  residuals  have  sometimes  been  above  the 
guideline  of  0.1  mg/L,  therefore,  jar  tests  were  run  to  check  aluminum  residual. 
In  Gore  &  Storrie's  opinion,  the  benefits  associated  with  changing  the  alum 
dosage  to  control  the  aluminum  residual,  over  and  above  those  for  turbidity 
control,  is  not  warranted. 
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(a)  Jar  Testing  (cont'd) 

A  minimum  of  daily  monitoring  of  aluminum  residual  and  pH  leaving  the  plant  is 
recommended  by  the  Ontario  Ministry  of  the  Environment.  An  acceptable  method  of 
aluminum  analysis  should  be  used.  Frequent  examination  of  this  data  and 
Drinking  Water  Surveillance  Program  (DWSP)  data  will  supply  the  needed 
information  on  the  chemistry  and  fate  of  aluminum  following  water  treatment  to 
help  operating  authorities  minimize  the  concentration  of  aluminum  in  the  treated 
water. 

COAGULANT  DOSAGE 

As.  discussed  above,  laboratory  scale  testing  indicates  that  the  raw  water 
particulate  material  can  be  coagulated  so  as  to  yield  filtered  water  turbidities 
of  <0.2  NTU.  It  appears  from  the  Gore  &  Storrie  laboratory  testing,  that  an 
alum  dosage  of  approximately  5  mg/L  will  produce  treated  water  with  a  turbidity 
of  0.2  NTU  or  less  for  this  particular  raw  water  sample.  The  plant  alum  dosages 
are  generally  higher  than  this,  yet  the  treated  water  turbidity  is  not 
maintained  at  0.2  NTU.  This  should  be  examined. 

Further  jar  testing  is  required  to  determine  the  optimum  alum  dosage  for 
elevated  raw  water  turbidities.  A  5  mg/L  alum  dosage  and  a  0.1  mg/L  polymer 
dosage  produced  a  treated  water  with  a  turbidity  of  0.1  NTU.  The  effectiveness 
of  the  polymer  should  be  tested  with  high  turbidity  raw  water  to  determine  the 
benefits  achieved  with  polymer  addition. 

(b)  Streaming  Current  Monitor 

As  stated  earlier,  during  periods  of  rapidly  changing  raw  water  turbidity,  the 
alum  dosage  changes  lagged  changes  in  turbidity.  A  streaming  current  monitor 
(SCM)  may  allow  both  a  faster  response  and  the  selection  of  the  correct 
coagulant  dosage. 
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E.3  Optimum  Removal  Strategies 

(a)  Flash  Mixing 

As  mentioned  earlier,  the  coagulant  is  added  into  the  raw  water  wells. 
Consideration  should  be  given  to  the  installation  of  a  flash  mixer. 

(b)  Coagulation,  Flocculation  and  Sedimentation 

Due  to  the  absence  of  flocculation  tanks  and  the  limited  sedimentation,  there  is 
no  short  term  strategy  which  will  aid  these  unit  processes.  Clearly,  long  term 
capital  works  are  required  to  improve  this  process  component. 

(c)  Filtration 

The  number  of  filters  in  operation  at  any  time  is  presently  dictated  by  system 
demand.  The  lower  the  filtration  rate,  the  better  the  removal  performance;  this 
can  be  achieved  by  operating  all  filters  all  the  time.  Therefore,  from  the 
standpoint  of  particulate  removal,  the  ideal  procedure  would  be  to  operate  all 
filters  with  a  constant  flow  rate  to  satisfy  some  long-term  demand.  This 
procedure  requires  that  the  clearwell  and  reservoir  levels  rise  and  fall  to 
offset  the  difference  between  production  and  demand  flow  rates. 
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SECTION  F 
PLANT  PERFORMANCE  (DISINFECTION) 


SECTION  F 

PLANT  PERFORMANCE  (DISINFECTION) 

F.1     Disinfection 

At  the  Windsor  Water  Treatment  Plant,  disinfection  is  carried  out  by  adding 
chlorine  to  the  raw  water  in  the  intake  wells  to  achieve  a  free  residual  of 
approximately  1.5  mg/L  in  the  mid-settling  basin.  The  data  listed  in  Table  3.0 
shows  that  the  monthly  average  pre-chlorine  dosage  varies  from  1.51  to  2.39 
mg/L. 

Post  chlorine  is  added  into  the  high  lift  suction  header.  The  post  chlorine 
dosage  is  manually  adjusted  to  maintain  a  free  chlorine  residual  of  1.0  mg/L  in 
winter  and  1.2  mg/L  in  the  summer.  The  data  listed  in  Table  3.0  show  that  the 
monthly  average  post  chlorine  dosage  varies  from  0.03  to  0.44  mg/L. 

The  free  chlorine  residual  leaving  the  plant  varies  from  0.9  to  1.3  mg/L. 

F.2     Disinfection  Efficiency 

The  Ontario  Drinking  Water  Objectives  (0DW0)  criteria  for  microbiological 
quality  of  distributed  water  quality  can  be  summarized  as  follows  for  Total 
Coliforms  (TC),  Fecal  Coliforms  (FC)  and  Fecal  Streptococcus. 

1.      Unsafe  Water  Quality 

a)  TC  bacteria;  when  determined  by  the  membrane  filtration  (MF)  or 
most  probable  number  (MPN)  method  should  not  be  present  in 
densities  of  5  or  more  organisms  per  100  mL.  When  determined  by 
the  Presence/Absence  (P/A)  procedure,  the  water  should  not  give 
positive  results  within  48  hours. 

b)  FC  bacteria;  should  not  be  detected  in  any  sample  by  any  of  the 
methods. 
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F.2  Disinfection  Efficiency  (cont'd) 

2.      Poor  Water  Quality 

a)  TC  bacteria;  when  present  at  levels  below  5  organisms  per  100  mL  by 
MF  or  MPN  tests,  they  should  not  occur  in  more  than  25%  of  samples 
from  a  single  submission,  nor  in  successive  submissions  from  the 
same  sampling  site  and  not  in  more  than  10%  of  all  samples  per 
month. 

b)  Fecal  Streptococcus  bacteria;  should  not  be  detected  in  any 
sample. 

Tables  5.0  to  5.3  in  the  appendices  summarize  some  of  the  available  raw  and 
treated  water  microbiological  data  for  the  Windsor  plant. 

The  data  for  the  period  of  January  1984  to  August  1987  show  that  the 

microbiological  quality  of  the  water  leaving  the  plant  is  good.   The  Total 

Col iform  tests  were  all  absent,  with  one  exception,  as  measured  by  the 
Presence/Absence  test. 

The  Fecal  Col iform  and  Fecal  Streptococcus  test  data  were  all  measured  as 
absent,  with  one  exception. 

The  chlorine  feed  system  and  the  operational  procedures  seem  adequate  to  control 
the  measured  microbiological  parameters. 

F.3     Chlorinated  By-Products 

TRIHALOMETHANES 

Trihalomethanes  (THM's)  are  the  most  widely  occurring  organics  found  in  drinking 
water,  and  they  also  apear  at  the  highest  concentrations.  The  principal  source 
of  THM's  in  drinking  water  is  the  chemical  interaction  of  chlorine  added  for 
disinfection,  with  humic  and  fulvic  substances  that  occur  naturally  in  the  raw 
water.  There  is  some  evidence  that  THM's  are  carcinogenic.  The  Ontario 
Drinking  Water  Objectives  for  THM's  is  350  ug/L. 
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F.3  Chlorinated  By-Products  (cont'd) 

TRIHALOMETHANES  (cont'd) 

The  data  shown  in  Table  F.l  indicate  that  low  levels  of  trihalomethanes  (THM's) 
occur  in  the  water  plant's  treated  water.  Total  THM  values  were  determined  from 
July  1985  to  present,  and  the  average  total  trihalomethane  (TTHM)  value  in  the 
plant  effluent  was  63  ug/L.  This  is  considerably  less  than  the  guideline  of  350 
ug/L.  The  highest  value  measured  was  106  ug/L  and  occurred  in  October  1986. 

TOTAL  ORGANIC  HALIDES 

The  terms  of  reference  require  consideration  be  given  to  the  reduction  of 
chlorinated  by-products  in  the  treated  water.  There  was  no  complete  set  of 
information  on  the  total  concentrations  of  all  organohalogen  compounds. 

It  is  our  opinion  that  a  broader  measurement  of  chlorinated  by-products  should 
be  considered  and  possibly  a  surrogate  measurement  should  be  utilized.  Although 
there  is  not  general  agreement  in  the  field  which  surrogate  measurement  should 
be  used,  the  measurement  should  report  the  sum  total  of  all  the  organic  halogen 
compounds. 
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TABLE  F.1 
Trihalomethane  Data  for  Windsor  WTP 


JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
OCT 
NOV 
DEC 


AVG, 
RNG, 


I     1985        1986         1987 

R      T      R      T       R      T 

Total  THM's                        1   ND  I   48   1   ND     51 

1   ND  1   57   |   ND  1   50 
1   ND  I   76   1   ND  1   46 
I            1   ND  1   72   1   ND  1   63 
1      1      1   ND  1   69   1      1 
1      1      1   20  1   67   |      | 
1   90  1   68  1   ND  1   73   1      1 
I   --  1   81  1   ND  1   60   1      1 
I   ND  1   92  1   ND  1   63   1      1 
I   ND  1   63  1   ND  1  106   1      1 
I   ND  1   81  1   ND  1   42   1      1 
I   ND  1   55  1   ND  1   4  0   1 

73     —     64      --     53 
1 ND- 90 1 55-92 1 ND- 20140-1061   ND  146-63 

NOTE:   Data  obtained  from  the  Ontario  Ministry  of  the  Environment 
Drinking  Water  Surveillance  Program. 
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SECTION  G 
SHORT  AND  LONG-TERM  MODIFICATIONS 


SECTION  G 

SHORT  AND  LONG-TERM  MODIFICATIONS 

G.1     Description 

This  section  includes  feasible  short  and  long-term  process  modifications 
required  to  approach  optimum  disinfection  and  particulate  removal.  It  is 
important  to  understand  that  optimization  of  selected  process  steps  may  be  in 
conflict  with  other  aspects  of  the  plant,  such  as  staffing  and  budgeting  costs. 
Estimated  costs  for  each  recommendation  are  also  included. 

In  July  1988,  the  "Windsor  Utilities  Commission  Water  Supply  System  Master  Plan" 
was  prepared  by  Gore  &  Storrie  Limited.  The  report  outlined: 

Future  water  demands 

Status  of  existing  facilities 

Short-term  considerations 

Medium  and  long-term  development 

Financial  implications 

Recommended  master  plan  alternative 

The  Master  plan  report  was  prepared  during  the  period  of  the  water  plant 
optimization  study. 

The  following  short  and  long-term  recommendations  were  provided,  discussed, 
reviewed,  and  agreed  upon  at  the  plant  site  meeting.  It  is  important  to  note 
that  the  Windsor  Utilities  Commission  is  in  the  process  of  identifying 
rehabilitation  works  and  planning  an  expansion  for  the  plant.  The  short-term 
recommendations  are  stressed,  since  major  capital  works  are  imminent. 

We  have  assigned  costs  for  each  of  the  recommended  works.  Clearly,  these  costs 
may  be  reduced  if  the  Windsor  Utilities  Commission  carries  out  the  work. 


-59- 


G. 2      Raw  Water  Flow  Metering 

There  is  no  raw  water  flow  metering  at  the  Windsor  Plant. 

It  is  recommended  that  two  raw  water  flow  meters  be  installed,  one  into  each  raw 
water  header. 

This  work  should  be  conducted  immediately.  The  cost  of  the  meters  would  be 
approximately  $50,000. 

G.3     Flash  Mixing 

There  can  be  two  purposes  for  mixing  of  chemicals  into  the  main  process  stream: 
blending  and  flash  mixing.  Blending  consists  of  the  distribution  of  chemicals 
uniformly  throughout  the  body  of  the  process  stream,  and  is  characterized  by 
relatively  high  velocity  gradients  of  greater  than  200  sec-1  for  periods  up  to 
several  minutes.  Flash  mixing  addresses  the  coagulation  concept  that  blending 
must  occur  within  a  very  short  period  of  time,  a  matter  of  seconds,  and  this 
requires  very  high  velocity  gradients  of  greater  than  1000  sec"1.  It  is 
important  to  recognize  the  difference  between  these  two  concepts  and  their 
process  implications.  Blending  mixing  is  to  ensure  that  the  process  components 
will  behave  uniformly.  Flash  mixing  has  been  espoused  by  some  researchers  in 
water  chemistry  as  improving  the  coagulation  process. 

There  is  no  flash  mixing  at  the  Windsor  Water  Treatment  Plant. 

It  is  recommended  that  a  series  of  laboratory  tests  be  conducted  to  determine 
the  relative  merits  of  flash  mixing.  If  the  tests  prove  the  cost  benefit  of 
flash  mixing,  two  flash  mixers  should  be  installed,  one  in  each  raw  water 
header. 

This  work  could  be  carried  out  at  any  time.  The  cost  of  the  study  would  be 
$10,000  to  $15,000. 
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G. 4     Streaming  Current  Monitor  (SCM) 

Accurate  and  timely  adjustments  to  the  coagulant  feed  rates  are  vital  to  achieve 

optimum  particulate  removal.   The  present  time  lag  between  the  alum  feed 

adjustment  and  the  results  at  the  filter  inlet  is  several  hours.  The  purpose  of 

the  SCM  is  to  permit  a  response  to  changing  raw  water  conditions  in  a  few 
minutes. 

It  is  recommended  that  two  SCM1 s  be  installed  on  a  trial  basis,  one  for  each  raw 
water  header,  and,  if  the  merits  of  a  SCM  are  demonstrated,  that  SCM' s  be 
purchased  and  installed  permanently. 

The  installation  of  the  two  SCM' s  could  be  any  time.  The  cost  for  the  two  SCM1 s 
is  $20,000  to  $30,000,  depending  on  the  associated  equipment. 

G.5     Flocculation  and  Mixing 

There  are  no  flocculation  tanks  at  the  Windsor  plant.  Due  to  the  absence  of 
flocculation  tanks,  there  is  no  short  term  strategy  which  will  aid  this  unit 
process.  Capital  works  are  required  to  add  the  flocculation  unit  process  to  the 
treatment  process. 

It  is  recommended  that  flocculation  tanks  be  added  to  the  treatment  process. 

G.6     Coagulant/Coagulant  Aid  Addition 

The  Windsor  plant  adjusts  the  coagulant  and  polymer  dosages  based  upon  jar  test 
results.  The  plant  operating  records  show  an  inconsistent  pattern  of  coagulant/ 
coagulant  aid  dosages. 

It  is  recommended  that  the  coagulant  and  polymer  dosages  be  examined  to  develop 
a  consistent  pattern  of  polymer  dosage,  proportional  to  the  alum  dosage. 
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G. 7     Alum  Dosage  Verification 

The  daily  alum  usage  is  determined  by  measuring  the  24-hour  level  drop  in  the 
bulk  storage  tank.  The  average  alum  dosage  is  calculated  by  dividing  the  daily 
alum  usage  by  the  calculated  raw  water  flow  (calculated  'filtered'  flow). 

The  Ontario  Ministry  of  the  Environment  recommends  that  a  correlation  be 
developed  between  alum  dosage  and  alkalinity  consumption  for  the  Detroit  River 
water.  The  daily  raw  and  treated  water  alkalinity  measurements  should  then  be 
used  to  verify  the  calculated  alum  dosage. 

G.8     Fluoride  Application 

Fluoride  and  alum  are  fed  into  a  common  water  line,  and  are  then  added  into  the 
raw  water  well.  It  has  been  speculated  that  alum  may  consume  part  of  the 
fluoride  dosage. 

It  is  recommended  that  controlled  testing  be  conducted  to  determine  if  the 

present  method  of  adding  alum  and  fluoride  together  is  responsible  for  any 

fluoride  consumption.  If  the  alum  is  consuming  fluoride,  consideration  should 
be  given  to  moving  the  fluoride  injection  point. 

The  testing  can  be  conducted  immediately.  The  cost  of  the  testing  would  be 
$5,000  to  $10,000. 

It  is  recommended  that  the  fluoride  feed  system,  particularly  the  application 
point,  be  examined  and  possibly  moved,  since  there  is  presently  a  considerable 
loss  of  chemicals  across  the  system.  It  is  also  recommended  that  the  fluoride 
dosage  be  recorded  as  mg/L  F~  and  not  as  mg/L  hydrof luosilicic  acid. 
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G. 9     Filtration  Rates 

Presently  at  the  Windsor  Water  Treatment  Plant,  all  of  the  filters  do  not 
operate  all  of  the  time.  From  the  standpoint  of  particulate  removal,  the  ideal 
procedure  would  be  to  operate  all  of  the  filters  all  of  the  time  at  a  constant 
rate  to  satisfy  a  long-term  demand. 

It  is  recommended  that  plant  scale  tests  be  conducted  on  the  filters  to 
determine  the  magnitude  of  improvement  which  would  result  from  maintaining  lower 
constant  filter  flow  rates. 

The  plant  scale  tests  could  commence  immediately  and  should  extend  over  various 
seasons.  The  cost  of  this  work  would  be  minimal  since  the  majority  of  the  data 
would  be  available  to  the  Utilities  Commission  operational  staff.  An  allowance 
of  $5,000  should  be  made  to  interpret  the  data. 

G.10     Filter  Media  Characteristics 

The  characteristics  of  filter  media  can  change  with  time.  Media  can  be  lost 
during  backwashing  and,  in  some  instances,  media  can  escape  through  support 
systems  and  end  up  in  the  clearwell.  The  anthracite  media  actually  breaks  up  by 
mechanical  abrasion  over  a  period  of  time. 

It  is  recommended  that  the  Utilities  Commission  carry  out  sieve  analysis  and 
grain  size  characterization  on  each  filter  once  every  five  years.  The  distance 
from  the  filter  walkway  to  the  top  of  the  media  for  each  filter  should  be 
measured  and  recorded  once  every  year.  This  measurement  should  be  carried  out 
at  four  locations  in  each  filter  immediately  after  placing  the  filter  back  on 
line  following  a  backwash.  These  records  become  an  early  warning  of  media 
problems. 

This  should  be  implemented  immediately  by  Utilities  Commission  staff. 
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G. 11     Filter  Cleaning 

Our  previous  experience  has  shown  that  a  backwash  water  volume  of  4.0  to  5.0 
m3/ni2  of  filter  area  adequately  cleans  a  filter  bed.  The  wash  volume  at  the 
Windsor  Plant  is  quite  high  at  approximately  10  m3/m2.  The  high  backwash  rate 
of  58  m/h  provides  a  bed  expansion  of  approximately  42%,  which  is  somewhat 
higher  than  necessary. 

It  is  recommended  that  the  backwash  procedure  be  investigated  to  determine  the 
relative  duration  and  rise  rates  of  the  low  and  high  backwash  rates  which 
minimize  the  wash  volume  and  yet  maintain  the  long-term  cleaning  of  the  filter. 

This  work  could  be  carried  out  at  any  time.  This  recommendation  could  be 
conducted  by  Windsor  Utilities  Commission  staff. 

G.12     Filtered  Water  Flow  Metering 

The  treated  water,  or  the  amount  of  water  filtered,  is  not  metered  at  the 
Windsor  plant.  The  amount  of  filtered  water  is  calculated  from  the  number  of 
hours  each  filter  is  in  service  times  its  filtration  rate  (this  assumes  that  the 
filtration  rate  remains  constant). 

It  is  recommended  that  transmitters  be  installed  on  each  filter  effluent. 

This  should  be  implemented  immediately. 

G.I 3     Sampling  System 

Flow  velocities  in  sample  lines  should  be  maintained  high  enough  at  all  times  to 
prevent  settling  in  the  lines.  One  approach  to  maintaining  high  velocities  is 
to  pipe  the  sample  lines  so  that  bulk  of  the  sample  passes  the  sample  sink  and 
is  returned  to  the  process.  When  a  lab  sample  is  needed,  the  lab  tap  can  be 
turned  on  and  a  fresh  sample  obtained  from  the  continuously  flowing  sample 
1  i  ne . 
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G. 13     Sampling  System  (cont'd) 

It  is  recommended  that  the  sampling  system  be  re-designed  to  maintain  higher 
velocities  at  all  times.  The  sampling  lines  in  any  future  expansion  should  also 
be  designed  to  provide  adequate  velocities. 

This  work  should  be  carried  out  immediately.  The  cost  of  this  work  would  be 
approximately  $30,000. 

G.14     Data  Collection 

The  nature,  frequency,  and  arrangement  of  information  recorded  about  plant 
operations  is  vital  to  the  operation  and  management  of  a  water  treatment  plant. 
The  Windsor  Plant  operating  staff  and  Main  Laboratory  staff  measure  and  record  a 
large  volume  of  operating  data. 

All  data  that  is  collected  should  be  used  in  the  assessment  of  the  plant 
operation,  and  incorporated  into  a  readily  accessible  single  information  base, 
either  manual  or  electronic. 

It  is  recommended  that  the  organization,  interpretation,  and  value  of  all 
in-plant  testing  be  examined  and  rationalized.  The  daily  bacteriological  test 
data  should  not  be  reported  as  daily  average  values.  This  recommendation  should 
be  implemented  immediately. 

G  15     Record  of  Information 

It  is  recommended  that  the  Plant's  record  of  information  include  a  process  and 
piping  diagram  (PAPD).  As  new  facilities  come  on  line,  or  as  present  facilities 
are  deleted,  the  PAPD  should  be  modified.  Modifications  to  the  PAPD  are  easily 
made  if  the  diagram  is  on  a  CAD  (computer  aided  drafting)  system. 

It  is  recommended  that  all  measurements  and  future  records  be  converted  to 

metric. 
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G.  16     Chlorinated  By-Products 

It  is  our  opinion  that  a  broader  measurement  of  chlorinated  by-products  should 
be  considered.  Although  there  is  not  general  agreement  in  the  field  which 
surrogate  measurement  should  be  used,  the  measurement  should  report  the  sum 
total  of  all  the  organic  halogen  compounds. 

It  is  recommended  that  the  Province  of  Ontario  develop  a  surrogate  for 
chlorinated  by-products. 
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GUIDELINE1 

1              1              1       1    1       - — .  1                           1 

i                    i                    1           -«.    1           S-     1                    i                    i                    i                    i 
i                  i                  1    o   o>  1         U    1                  l                  i                                    i 

i              i              i  m  i  '       i-   i              i              i                           i 

1                      1                      i     Nw    1     iAw    i                      1                      1                                            i 

DWSP 
DETECTION 
LIMIT 

0.2 
(mg/L) 

0.05 
(mg/L) 

0.1 
(mg/L) 

0.2 
(mg/L) 

0.5 
(TCU) 

0.01 
(umho/cm) 

0.1 
(mg/L) 

0.1 
(mg/L) 

o.r 

(mg/L) 
0.2 

i 
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> 
•< 

X 

X 
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LP 
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> 

91.5 
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31.8 
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16.2 
2.5 

293.3 
253.5 

0.5 

1.0 

1.0 

7.8 
7.4 

z 

81.8 
67.2 

27 
27 

6.8 
9.2 

5.5 
2.0 

222 
220 

0.2 

0.1 

0.9 

7.38 
7.0 

X 

107.2 
90.4 

41 
42 

13.0 
14.6 

27.5 
2.5 

511 
322 

0.8 

1.45 

1.45 

7.95 
7.7 

10 
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90.4 
83.2 

31.2 
31.6 

7.0 
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0.138 

0.957 

1.085 
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7.44 
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81.7 
76.7 

28.1 
27.4 

2.0 

221 
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0.100 

0.980 

7.00 
7.14 

112.2 
96.8 

43.1 
40.6 

11.5 

324 
317 
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1.3 
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7.9 
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31.6 
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11 
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0.203 

1.090 
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78.2 
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29.6 

8.5 
9.5 

3.0 

230 
233 

0.200 
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7.22 
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<; 

X 

91.4 
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32.4 
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(TCU)                T 

Conductivity          R 
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(FTU) 

2.4 
(mg/L) 
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10  (mg/L 
as  N) 

1  (mg/L 
as  N) 

0.15 
(mg/L) 

DWSP 
DETECTION 
LIMIT 

0.01 
(mg/L) 

0.5 
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0.05 
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0.1 
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0.005 
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(mg/L)                T 

Nitrite              R 
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Nitrogen  Total         R 
Kjeldahl  (mg/L)        T 
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T 

Phosphorus  Filtered     R 
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co 


ai 

a. 


c 
o 
_o 

o 

LU 

_J 

CD 
< 


DRINKING 
WATER  OBJ 
GUIDELINE1 

i                 i                  13    1 
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1                       1                       1             Ll_      1 

1                     1                     1     1 — 1  ^-^    1 
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0.05 
(mg/L) 

(mg/L) 

(mg/L) 

0.005 
(mg/L) 

DWSP 
DETECTION    I 
LIMIT        1 

0.01 
(mg/L) 

0.1 
(mg/L) 

(mg/L) 

0.01 
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0.003 
(mg/L) 

0.001 
(mg/L) 

0.001 
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0.001 
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0.02 
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!   0.0003 
(mg/L) 
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CO 
Ol 
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as 

X 

X 
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CO 

> 
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6.0 
5.7 

188.8 
169 

37.4 
1.63 

0.86 
0.16 

<.001 
<.001 

0.022 
0.013 

<.001 
<.001 

0.06 
0.05 

10.216 
10.216 

i 

4.0 
4.8 

145 
144 

12.4 
1.35 

0.091 
0.096 

<.001 
<.001 

0.012 
0.010 

<.001 
<.001 

0.02 
0.01 

1  < . 200 
1  < . 200 

X 

1 

7.1 
7.2 

234 
209 

78 
1.86 

2.3 
0.30 

<.001 
<.001 

0.048 
0.014 

<.005 
<.005 

0.10 
0.15 

<.  300 
<.300 

to 

CO 

en 

> 

0.0411 

6.2 
6.6 

188.7 
166.0 

21.7 

0.286 
0.430 

<.001 
<.001 

0.015 
0.014 

<.001 
<.001 

0.031 
10.033 

1  <.278 
|<.250 

x 

0.0091 

4.3 
4.1 

140.0 
147 

1.44 

0.038 
0.083 

<.001 
<.001 

0.008 
0.000 

<.001 
<.001 

<0.02 
0.00 

10.200 
I  < .  200 

X 

0.3501 

9.0 
9.0 

586 
206 

171 

1.100 
5.1 

<.001 
<.001 

0.026 
0.023 

<.001 
<.001 

0.08 
0.08 

10.700 
1  < . 300 

CO 

a: 

0.0521 

5.71 
5.8 

196.7 
157 

64.1 
0.77 

0.934 
0.086 

<.001 
<.001 

0.188 
0.132 

<.001 
<.001 

0.025 
10.043 

1  <.  300 
1  <.300 

X 

0.0181 

5.21 
5.31 

158 
149 

16.1 
0.26 

0.199 
0.076 

<.001 
<.001 

0.013 
0.012 

<.001 
<.001 

10.020 
10.020 

|<.300 
1  <.  300 

X 

1 

0.1161 

-      1 

6.11 

6.21 
1 

268      1 
171      I 

200 
1.8 

2.50 
0.110 

<.001 
<.001 

0.029 
0.014 

<.001 
<.001 

0.030 
10.110 

1  < .  300 
1  < .  300 

1                         1 

1              GENERAL  CHEMISTRY          1 
1                      (cont'd.)                  1 

I   Phosphorus   (Total)             R   1 
1    (mg/L)                                     T 

1   Sodium                                    R 
1    (mg/L)                                   T 

1  Total  Solids                        R 
1    (mg/L)                                     T 

I  Turbidity                             R 
1    (FTU)                                       T 

I   METALS 

j   Aluminum                                 R 
1    (mg/L)                                    T 

1  Arsenic                                 R 
1    (mg/L)                                     T 

1   Barium                                    R 
1    (mg/L)                                     T 

I   Beryllium                              R 
1    (mg/L)                                    T 

1   Boron                                      R 
1    (mg/L)                                     T 

1   Cadmium                                  R 
1    (mg/L)                                    T 
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DRINKING 
WATER  OBJ 
GUIDELINE1 

0.05 
(mg/L) 

(mg/L) 

0.2 
(mg/L) 

0.3 

(mg/L)         c 

0.05 
(mg/L) 

0.05 
(mg/L) 

(ug/L) 

o 

h- 

DWS  F 

DETEC1 

LIM] 

0.001 
(mg/L] 

0.001 
(mg/L; 

0.001 
(mg/L 

0.001 
(mg/L1 

0.002 
(mg/L 

0.003 
(mg/L 

0.001 
(mg/L 

0.001 
(mg/L 

0.01 

(ug/L1 

0.002 
(mg/L; 

i 

CO 
C* 

> 

z 

X 

< 

LO 

CO 

c* 

es 
:> 
< 

0.003 
0.002 

0.002 
<.001 

0.008 
0.005 

0.894 
0.021 

0.005 
<.003 

0.023 
0.002 

0.002 
0.001 

0.01 
0.02 

0.003 
0.001 

z 

0.001 
0.001 

<.001 
<.001 

0.005 
0.003 

0.005 
<.002 

0.006 
<.003 

0.007 
0.001 

<.001 
0.001 

<0.01 
<0.01 

0.001 
<.001 

X 

< 
s: 

0.006 
0.002 

0.003 
<.001 

0.016 
0.007 

2.3 
0.042 

0.01 
<.003 

0.051 
0.003 

0.004 
0.002 

0.02 
0.03 

0.006 
0.002 

10 

CD 
C* 

C3 

> 
«i 

0.002 
0.002 

<.001 
<.001 

0.090 
0.014 

0.452 
0.171 

0.042 
<.003 

0.01 
0.001 

0.023 
0.019 

0.002 
0.002 

Z 

00*0 
100*> 

00*0 
I0*0> 

00*0 
100*0 

00*0 
£00  *> 

00*0 
120*0 

00*0 
200*0 

000*0 
100*> 

00*0 
100  *> 

X 

<: 

0.007 
0.002 

<.003 
<.001 

0.320 
0.210 

3.00 
2.00 

0.460 
0.042 

0.044 
0.046 

0.09 
0.05 

0.006 
0.009 
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0.001 

0.048 
0.03 

0.003 
<.002 

z 
2 

0.001 
<.001 
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0.020 
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0.006 
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0.004 
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<.001 
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3.300 
0.028 

0.004 
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Chromium                                R 
(mg/L)                                      T 

Cobalt                                    R 
(mg/L)                                    T 

Copper                                    R 
(mg/L)                                      T 

Cyanide                                    R 
(mg/L)                                    T 

Iron                                          R 
(mg/L)                                      T 

Lead                                        R 
(mg/L)                                      T 

Manganese                               R 
(mg/L)                                    T 

Molybdenum                             R 
(mg/L)                                    T 

Mercury                                   R 
(ug/L)                                T 

Nickel                                    R 
(mg/L)                                    T 
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DRINKING 
WATER  OBJ. 
GUIDELINE1 

0.01 
(mg/L) 

0.02 
(mg/L)         t 

(mg/L)         h 

10 

(ug/L)         h 

350 

(ug/L)       ++ 

(ug/L)         h 

100-300 
(ng/L)       h* 

DWSP 
DETECTION 
LIMIT 

0.001 
(mg/L) 

0.001 
(mg/L) 
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(mg/L) 

0.001 
(mg/L) 
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0.130 
0.111 
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0.002 
<.001 

0.017 
0.003 

^^ 

<.001 
<.001 

0.087 
0.087 

<.002 
<.002 

<.001 
<.001 

0.003 
<.001 

X 

<.001 
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0.200 
0.130 

<.002 
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0.017 
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<.001 
<.001 
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0.104 
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0.001 
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X 

<.001 
0.00 

0.053 
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0.00 

0.001 
0.00 
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0.140 
0.140 
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CO 
CD 

CD 
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0.108 
0.102 

0.323 
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0.011 
0.009 
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<.001 
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0.090 
0.093 

0.220 
0.180 

0.001 

0.003 
0.004 

X 

<.001 
<.001 

0.120 
0.110 

0.390 
0.310 

0.005 

0.018 
0.014 

I                        METALS 
1                      (cont'd.) 

I   Selenium                               R 
1    (mg/L)                                     T 

1   Strontium                              R 
1    (mg/L)                                     T 

1   Tin                                          R 
I   (no  units  available)         T 

1   Uranium                                    R 
1    (mg/L)                                     T 

1   Vanadium                                R 
1    (mg/L)                                     T 

1   Z1nc                                        R 
I    (mg/L)                                    T 

I   PURGEABLES 

j   Benzene                                  R 
1   (ug/L)                                   T 

1   Bromoform                              R 
1    (ug/L)                                    T 

1   Carbon  Tetrachloride         R 
1   (ug/L)                                   T 

1  Chlorobenzene                      R 
1    (ug/L)                                   T 
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DRINKING 
WATER  OBJ 
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0.3 
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Chlorodibromomethane    R 
(ug/L)               T 

Chloroform           R 
(ug/L)               T 

1,2-Dichlorobenzene     R 
(ug/L)               T 

1,3-Dichlorobenzene     R 
(ug/L)             T 

1,4-Dichlorobenzene     R 
(ug/L)               T 

Dichlorobromomethane    R 
(ug/L)               T 

1,1-Dichloroethane     R 
(ug/L)              T 

l,2-D1chloroethane     R 
(ug/L)             T 

l,l-D1chloroethylene    R 
(ug/L)               T 

T, 1,2  Dichloroethylene  R 
(ug/L)               T 
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DRINKING   | 
WATER  OBJ 
GUIDELINE1  1 

1 
40        I 
(ug/L)    c 

1400 
(ug/L)    e 

620 

(ug/L)    cl 

620 

(ug/L)    cl 

620       I 
(ug/L)    cl 

100 

(ug/L)    cl 

1.7        1 
(ug/L)    el 

10       1 
(ug/L)    h| 

DWSP 
DETECTION 
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Dlchloromethane        R 
(ug/L)               T 

1,2-Dlchloropropane     R 
(ug/L)               T 

Ethylbenzene          R 
(ug/L)               T 

Ethylene  Dibromide     R 
(ug/L)               T 

M-Xylene             R 
(ug/L)               T 

0-Xylene             R 
(ug/L)               T 

P-Xylene             R 
(ug/L)               T 

Toluene              R 
(ug/L)               T 

1,1,2,2-Tetra-         R 
chloroethane  (ug/L)     T 

Tetrachloroethane      R 
(ug/L)               T 

CD 
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WATER  OBJ 
GUIDELINE1 

1000 
(ug/L)    c 

(ug/L)    e 

30 

(ug/L)    h 

350 

(ug/L)   ++ 

700 

(ng/L)   ** 

700 

(ng/L)    c 

700 

(ng/L)  *** 

300 

(ng/L)    c 

700 

(ng/L)   ** 
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VO 
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CO 
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1                          1 

|         PURGEABLES 

1          (cont'd.)        1 

1,1,1-Trichloroethane   R 
1  (ug/L)               T 

1  1,1,2-Trichloroethane   R 
(ug/L)               T 

1  Trichloroethylene      R 
(ug/L)                T 

1  Total  Trihalomethanes   R 
(ug/L)               T 

I  Trif luorochloro-       R 
I  toluene  (ug/L)         T 

I  ORGANOCHLORINES 

1  Aldrin               R 
1  (ng/L)               T 

1  Alpha  BHC             R 
1  (ng/L)               T 

1  Alpha  Chlordane        R 
(ng/L)               T 

1  Beta  BHC              R 
1  (ng/L)               T 

I  Dieldrin              R 
(ng/L)               T 

DRINKING  I 
WATER  OBJ. 
GUIDELINE1 
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200 
(ng/L) 

700 

(ng/L)  *** 

3000 
(ng/L)  +++ 

3000 
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10 
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Endrin               R 
(ng/L)               T 

Gamma  Chlordane        R 
(ng/L)               T 

Heptachlor  Epoxide     R 
(ng/L)               T 

Heptachlor            R 
(ng/L)               T 

Hexachlorobenzene      R 
(ng/L)                T 

Hexachlorobutadlene     R 

(ug/L)            T 

Hexachloroethane       R 
(ng/L)               T 

Lindane              R 
(ng/L)                T 

Methoxychlor          R 
(ng/L)                T 

Mirex                R 
(ng/L)              T 

DRINKING 
WATER  OBJ 
GUIDELINE1 
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Octachlorostyrene      R 
(ng/L)               T 

0.P-DDT               R 
(ng/L)               T 

Oxychlordane          R 
(ng/L)               T 

PCB  Total             R 
(ng/L)               T 

Pentachlorobenzene     R 
(ng/L)               T 

P.P-DDD              R 
(ng/L)              T 

P.P-DDE               R 
(ng/L)               T 

P.P-DDT               R 
(ng/L)               T 

1,2,3,4-Tetra-         R 
chlorobenzene  (ng/L)    T 

1,2,3,5-Tetra-         R 
chlorobenzene  (ng/L)    T 
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|       ORGANOCHLORINES     1 
1         (cont'd.)        1 

1,2,4,5-Tetra         R 
I  chlorobenzene  (ng/L)    T 

1  Thiodan  I             R 
1  (ng/L)                T 

I  Thiodan  II            R 
1  (ng/L)                T 

I  Ihlodan  Sulphate       R 
1  (ng/L)                T 

I  Toxaphene             R 
I  (no  units  available)    T 

1  1,2,3-Trlchlorobenzene  R 
1  (ng/L)               T 

1  1,2,4-Trlchlorobenzene  R 
(ng/L)                T 

1  1,3,5-Trlchlorobenzene  R 
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APPENDIX  B 
FILTER  BACKWASHING  GUIDELINES  AND  PROCEDURE 


WINDSOR  WATER  TREATMENT  PLANT 
SAND  FILTER  BACKWASHING  PROCEDURE 


Additional  6"  drain  valves  have  been  installed  in  the  sand  filtration  system. 
The  function  of  these  valves  is  to  flush  the  surge  of  dirty  water,  produced 
immediately  after  backwashing,  to  the  drain. 

The  following  backwashing  procedure  will  be  used  to  prevent  dirty  water  passing 
to  the  Clearwell  and  reduce  the  amount  of  backwash  water  used  to  a  minimum. 

When  Terminal  Head  Loss  is  reached,  or  the  filters  have  been  in  service  for  24 
hours: 

1.  Drain  the  sand  filter  to  6"  above  the  media,  then  close  the  service 
valve. 

2.  Operate  the  Palmer  surface  washer  for  2  minutes. 

3.  Open  the  backwash  water  valve  partially  to  allow  the  bed  to  expand 
above  the  level  of  the  Palmer  sweep;  then  open  the  valve  fully. 

4.  Wash  the  expanded  bed  for  5  to  15  minutes. 

5.  Turn  off  the  Palmer  sweep  2  minutes  before  the  backwash  flow  is 
stopped. 

6.  Close  the  backwash  valve  and  open  the  6"  drain  valve  for  5  minutes. 

7.  Close  the  6"  drain  valve  and  return  the  sand  filter  to  service. 


NOTES: 


Terminal  Head  Loss  is  so  high  that  the  filter  no  longer  passes 
water  at  the  desired  flow  rate; 

The  amount  of  backwash  water  should  not  exceed  4%  of  the  water 
treated; 

Furbidit>  of  less  than  75  NTU  indicates  that  the  amount  of 
backwash  has  been  sufficient. 
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GRAPHICAL  TURBIDITY  DATA 


APPENDIX  B 
FILTER  BACKWASHING  GUIDELINES  AND  PROCEDURE 


WINDSOR  WATER  TREATMENT  PLANT 
SAND  FILTER  BACKWASHING  PROCEDURE 


Additional  6"  drain  valves  have  been  installed  in  the  sand  filtration  system. 
The  function  of  these  valves  is  to  flush  the  surge  of  dirty  water,  produced 
immediately  after  backwashing,  to  the  drain. 

The  following  backwashing  procedure  will  be  used  to  prevent  dirty  water  passing 
to  the  Clearwell  and  reduce  the  amount  of  backwash  water  used  to  a  minimum. 

When  Terminal  Head  Loss  is  reached,  or  the  filters  have  been  in  service  for  24 

hours: 

1.  Drain  the  sand  filter  to  6"  above  the  media,  then  close  the  service 
valve. 

2.  Operate  the  Palmer  surface  washer  for  2  minutes. 

3.  Open  the  backwash  water  valve  partially  to  allow  the  bed  to  expand 
above  the  level  of  the  Palmer  sweep;  then  open  the  valve  fully. 

4.  Wash  the  expanded  bed  for  5  to  15  minutes. 

5.  Turn  off  the  Palmer  sweep  2  minutes  before  the  backwash  flow  is 
stopped. 

6.  Close  the  backwash  valve  and  open  the  6"  drain  valve  for  5  minutes. 

7.  Close  the  6"  drain  valve  and  return  the  sand  filter  to  service. 


NOTES: 


Terminal  Head  Loss  is  so  high  that  the  filter  no  longer  passes 
water  at  the  desired  flow  rate; 

The  amount  of  backwash  water  should  not  exceed  4%  of  the  water 
treated; 

Turbidity  of  less  than  75  NTU  indicates  that  the  amount  of 
backwash  has  been  sufficient. 
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APPENDIX  D 
JAR  TESTING 


WINDSOR 
Jar  Test  Procedure 

The  jar  test  procedure  used  for  all  testing  carried 
out  on  Windsor  raw  water  was  as  follows: 

1.  One  litre  sample  used. 

2.  Two  minutes  fast  mix  at  greater  than  100  rpm. 

3.  Thirty  minutes  flocculation  mixing  at  35  rpm. 

4.  Thirty  minutes  settling  time. 

5.  Filtration  through  a  Whatman  glass   microfibre 
filter,  followed  by  1.2  urn  membrane  filter. 

The  jar  test  procedure  has  been  shown   to   provide 

overall  results  similar  to  full  scale   conventional 

plant    operations   consisting  of    coagulation, 

flocculation,    sedimentation  and   dual    media 
filtration. 


Gore  &  Storrie  Limited 
LABORATORY  RESULTS  SHEET 


SHEET  NO.    1 


I  DATE        PROJECT  DESCRIPTION                                   1  JOB  NO.  1 

II  II 
1  24  Aug./87|  MOE  Water  Plant  Optimization  Study                     1  380.73   1 

I  1  Windsor  Water  Treatment  Plant                         1        1 

II  II 

SAMPLE  NO.  &  DESCRIPTION 
1  (1)  Detroit  River  raw  water,  collected  21  August  1987.                       1 

(2) 

(3) 

(4) 

1  (5)                                                               1 

1                        1   SAMPLE   1   SAMPLE   1   SAMPLE   1   SAMPLE   1   SAMPLE   1 
1       PARAMETERS              (1)        (2)        (3)        (4)        (5)    1 

pH                         8.02 

Colour  (HCU)                  -  5 

Turbidity  (NTU)               3.4 

Alkalinity  (mg/L  as  CaC03)     85.0 

Hardness  (mg/L  as  CaC03)     102 

1  Aluminum  (mg/L  Al)           0.25 

Iron  (mg/L)                0.12 

1  Manganese  (mg/L)            <0. 01 

COMMENTS 
1  (a)                                                               1 

1  (b)                                                               1 

1  (c)                                                                  j 

1  (d)                                                                j 

CONDUCTED  BY                        1  REVIEWED  BY 

Gore  &  Storrie  Limited 


TEST   NO.     1 


WATER  TREATABILITY  RESULTS  SHEET 


'date     1  project  description                 I  job  no. 

124  Aug./87|  MOE  Water  Plant  Optimization  Study       1380.73 
I          1  Windsor  Water  Treatment  Plant 

Itest  description 

I  Removal  of  Turbidity  with  Alum 

II  L  Jar  Tests  -  Detroit  River  Raw  Water  Sample  No.  1 

CHEMICAL 
JARi  DOSAGES     FLOc         WATER  QUALITY  AFTER  TREATMENT 

|NO.  1   (rog/D   | RATING  1 

1    lAlum  II       1  pH 

Turb. 
(NTU) 

Colour 
(HCU) 

Alk.    Hard. 1   Al 
(mg/L) | (mg/L) i (mg/L) 

Irawl   Oil       1 

0.30 

<5 

2     5           4    17.83 

0.18 

<5 

82     104     0.36 

3    7.5          3    17.87 

0.16 

<5 

76     103     0.31 

4    10   1       2-3   17.84 

0.18 

<5 

73     104     0.23 

5    15          2    17.68 

0.18 

<5 

70     105     0.19 

6    20          2    17.55 

0.15 

<5 

69     104     0.13 

7    25           2    17.43 

0.15 

<5 

61     104     0.11 

| RAW , UNTREATED         | 8 . 0  2 

3.4 

5 

85     102     0.25 

[SAMPLE  TEMPERATURE        Start:      23°C      Finish:      23°C 

1  COMMENTS 

iFloc  Rating:         1  -  very  good 

I                    2  -  good 

1                    3  -  poor 

I                    4  -  very  poor 

I                    5  -  no  floe 

| CONDUCTED  BY 

- 

e:viewed 

BY 

Gore  &  Storrie  Limited 


TEST   NO.     2 


WATER  TREATABILITY  RESULTS  SHEET 


Idate     'project  description                  Ijob  no. 1 

1  9  Nov.  87|  MOE  Water  Plant  Optimization  Study        1380.73  1 
j          1  Windsor  Water  Treatment  Plant            1        1 

'TEST  DESCRIPTION 

I  Removal  of  Turbidity  with  Alum  and  Polymer                  1 

II  L  Jar  Tests  -  Detroit  River  Raw  Water  Sample  No.  1         1 

CHEMICAL 
JARi  DOSAGES     FL0C         WATER  QUALITY  AFTER  TREATMENT 

|NO. 1   (mg/L)   IRATINGI 

1  Alum  1  (1J  !         pH 
jPolyj 

Turb. 
(NTU) 

Colour 
(HCU) 

Alk.    Hard. 
(mg/L) | (mg/L) 

Al 
(mg/L) | 

1  raw  I      1     1 

2      5    0.11   3    18.07 

0.10 

<<5 

77     102 

0.30 

3     10    0.11  2-3   18.01 

0.09 

<<5 

76     102 

0.20 

4     15    0.11   2    17.95 

0.09 

<<5 

75     102 

0.16 

5     20    0.11   1    17.88 

0.09 

<<5 

71     102 

0.13 

6     25    0.11   1    17.75 

0.09 

<<5 

70     102 

0.12 

7 

| RAW , UNTREATED         | 8 . 2  2 

1.4 

5 

85     102 

0.25 

iSAMPLE  TEMPERATURE        Start:      23°C      Finish:      23°C| 

1  COMMENTS 

1(1)  Percol  LT24  polymer  added  from  a  0.1  mg/mL  solution. 

iFloc  Rating:         1  -  very  good 

I                    2  -  good 

I                    3  -  poor 

I                    4  -  very  poor 

I                    5  -  no  floe 

.CONDUCTED  BY                      | REVIEWED  BY 

APPENDIX  E 
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TERMS  OF  REFERENCE 


WATER  PLANT  OPTIMIZATION  STUDY 

GENERAL  TERMS  OF  REFERENCE  Page  1 


Purpose 

To  review  the  present  conditions  and  determine  an  optimum  treatment 
strategy  for  contaminant  removal  at  the  plant,  with  emphasis  on 
particulate  materials  and  disinfection  processes. 

Work.  Tasks 


1.  Receive  an  information  package  from  the  MOE .  Review  the 
information  provided  and  meet  with  the  MOE  staff,  if  required,  to 
discuss  the  project. 

2.  Document  the  quality  and  quantity  of  raw  and  treated  waters. 

3.  Define  the  present  treatment  processes  and  operating  procedures. 
Prepare  a  progress  report  on  Works  Tasks  1-3  for  the  Project 
Committee. 

4.  Assess  the  methods  of  efficient  particulate  removal  which  would 
utilize  the  present  major  capital  works  of  the  plant.  Evaluate 
the  particulate  removal  efficiency  and  sensitivity  of  operation, 
assuming  optimum  performance  of  the  plant. 

5.  Assess  current  disinfection  practices  and  possible  improvement 
methods. 

6.  Describe  possible  short  and  long-term  process  modifications  to 
obtain  optimum  disinfection  and-  contaminant  removal. 

7.  Prepare  a  draft  report  for  the  project  committee's  review. 

8.  Prepare  the  final  report. 
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WATER  PLANT  OPTIMIZATION  STUDY 

GENERAL  TERMS  OF  REFERENCE  -  WORK  TASK  NO.  1       Page  2 


1.  RECEIVE  AN  INFORMATION  PACKAGE  FROM  THE  MOE .  REVIEW  THE 
INFORMATION  PROVIDED  AND  MEET  WITH  THE  MOE  STAFF,  IF  REQUIRED,  TO 
DISCUSS  THE  PROJECT. 

Elements  of  Work 


(a)  Receive  an  information  package  from  the  MOE  concerning  the  plant 
and  the  study.  This  package  includes  a  general  terms  of 
reference,  a  general  table  of  contents  for  organizing  the  study  in 
a  manner  consistent  with  other  plant  reports,  the  WPOS  reporting 
tables  and  a  copy  of  Ontario  Drinking  Water  Objectives. 

(b)  Review  the  information  and  prepare  for  a  meeting  to  initiate  the 
work  on  the  project,  including  preparation  of  a  schedule  of 
manpower  and  staff  committments. 

(c)  Meet  with  the  MOE  to  discuss  the  available  data,  the  terms  of 
reference,  and  the  project  staff  and  work  schedule.  If  a 
consultant  is  carrying  out  more  that  one  study  it  may  not  be 
necessary  to  meet  with  the  MOE  at  the  start  of  each  study. 
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WATER  PLANT  OPTIMIZATION  STUDY 

GENERAL  TERMS  OF  REFERENCE  -  WORK  TASK  NO.  2       Page  3 


2.   DOCUMENT  THE  QUALITY  AND  QUANTITY  OF  RAW  AND  TREATED  WATERS. 
Elements  of  Work. 

(a)  Prepare  a  monthly  summary  of  maximum,  minimum,  and  average  flows 
for  the  last  three  consecutive  years  (Table  1.0).  Address  any 
discrepancies  which  exist  between  raw  and  treated  flow  rates. 

(b)  Based  on  the  above,  briefly  review  and  tabulate  for  the  last  three 
years,  the  monthly  maximum,  minimum,  and  average  per  capita  flow 
for  the  total  population  served  by  the  plant  (Table  1.1).  Compare 
the  plant  data  with  typical  per  capita  flows  for  the  local  region. 
Indicate  major  consumers  who  may  influence  the  figures. 

(c)  Document  the  methods  of  measuring  the  raw  and  treated  water  flow 
rates. 

(d)  Summarize,  for  the  last  three  consecutive  years,  where  available, 
the  raw  and  treated  water;  turbidity,  colour,  residual  aluminum/ 
iron,  pH,  temperature  and  treatment  chemical  dosages  (other  than 
disinfection  and  fluoridation).  The  summary  should  indicate  the 
monthly  daily  average  and  maximum  and  minimum  day  (Table  2.0). 

For  the  same  three  year  period,  tabulate  also  the  daily  average 
for  the  typical  seasonal  months  of  January,  April,  July  and 
October  as  well  as  other  months  in  which  problems  with  particulate 
removal  occurred  (Tables  2).  Document  enough  data  to  define  and 
evaluate  those  problems. 

Record  other  data,  such  as  particulate  counting,  suspended  solids, 
and  algae  counting  (Table  5.0)  which  could  reflect  on  particulate 
removal  efficiency. 

Document  the  source  and  methods  used  in  determining  all 
information. 

A  comparison  should  be  made  between  the  plant  and  outside 
laboratory  information  to  ascertain  the  relative  validity  of  the 
data.  For  plant  data,  emphasis  should  be  given  to  plant 
laboratory  tests  rather  than  continuous  process  control 
instruments . 

(e)  Summarize  for  the  last  three  consecutive  years,  where  available, 
the  disinfectant  demand,  dosages  (including  all  disinfection 
related  chemicals  and  residuals)  for  all  application  points 
as  well  as  fluoridation  dosage  and  residual.  The  summary  should 
indicate  the  monthly  daily  average  and  maximum  and  minimum  day 
(Table  3.0). 
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For  the  same  three  year  period,  tabulate  (Tab!*  3)  the  daily 
average  for  the  typical  seasonal  months  of  Januê.  ,  April,  July 
and  October  as  well  as  other  montns  in  which  problems  with 
chlorine  residuals  and/or  positive  bacterial  tests  identified  in 
Table  6.  Document  enough  data  to  define  and  evaluate  those 
problems . 

Document  the  methods  of  dosage  evaluation  and  residual 
measurements,  and  establish  the  validity  of  the  data  proviaed. 

(f)  Prepare  a  summary,  based  on  at  least  three  years  of  data,  of  the 
raw  and  treated  water  quality  testing  data  for  physical, 
microbiological,  radiological,  and  chemical  water  quality 
information  (Table  4).  Document  as  much  data  as  is  needed  to  show 
possible  seasonal  trends  in  water  quality.  Where  possible,  show 
corresponding  sets  of  raw- and  treated  water  quality  information. 

Document  the  source  and  methods  used  in  determining  all  water 
quality  information  and  establ  ish  the"  val  idity  of  the  data, 
comparing  plant  and  outside  laboratory  data. 

(g)  Tabulate,  for  the  last  three  consecutive  years,  the  raw  and 
treated  water  bacterial  test  information  at  the  plant 
(Table  6). 

Document  the  source  and  methods  used  for  all  data  provided. 

(h)  Document  the  water  sampling  systems  (source,  pump,  line-material 
and  size,  vertical  rise  velocity  sampling  location)  used  in  the 
plant  (similar  to  DWSP  Questionnaire  in  Appendix  A). 

(i)  Prepare  a  summary  of  inplant  testing  including  Test,  Sampling 
Point,  Testing  Frequency,  Reporting  Frequency,  Testing 
Instrumentation  including  calibration. 

(j)  Identify  other  water  quality  concerns,  not  related  to  particulate 
removal  or  disinfection,  which  should  be  considered  as  part  of  the 
assessment  phase  of  this  evaluation  program. 
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3.  DEFINE  THE  PRESENT  TREATMENT  PROCESSES  AND  OPERATING  PROCEDURES. 
PREPARE  A  PROGRESS  REPORT  ON  WORK  TASKS  1-3  (8  COPIES)  FOR  THE 
PROJECT  COMMITTEE. 

Elements  of  Work 

(a)  Where  drawings  are  available,  assemble  sufficient  record  drawings 
of  a  reduced  size,  to  document  the  general  site  layout  and  the 
interrelationship  of  major  plant  components.  If  available, 
include  a  process  and  piping  diagram  (PAPD)  of  the  plant 
operations . 

(b)  Prepare  a  simplified  block  schematic  of  all  major  plant  components 
including  chemical  systems  and  indicating  design  parameters. 
Appendix  B  is  an  example  of  the  required  standard  schematic. 

(c)  Prepare  a  photographic  record  of  the  plant  facilities, 
illustrating  all  of  the  major  plant  components  and  chemical  feed 
systems.  The  record  should  include  approximately  30-40  coloured 
(9  cm  x  12  cm)  (or  10  cm  x  15  cm)  prints,  suitably  labelled.  The 
progress  and  draft  reports  may  include  photocopies  in  lieu  of  the 
prints. 

(d)  Tabulate  the  design  parameters  for  all  the  major  plant  components, 
with  emphasis  on  the  process  operations,  including  chemical  feeds. 
This  information,  as  a  minimum,  must  be  consistent  with  the  DWSP 
Questionnaire  (Appendix  A)  and  must  be  confirmed  and  verified  by 
field  observations.  The  design  parameters  should  be  evaluated  at 
design,  rated  and  actual  operational  flows. 

(e)  Prepare  a  summary  of  how  the  plant  is  operated,  including  chemical 
dosage  control,  such  as  jar  testing  information,  filter 
backwashing  procedures  and  initiation,  and  pumping  and  flow 
control . 

(f)  Document  all  reported  and  other  apparent  problems  in  plant 
operations  and/or  in  the  distribution  system  related  to  water 
quality.  In  addition  list  the  health  related  parameters  wnich 
exceed  the  Ontario  Drinking  Water  Objectives  (Taole  7). 

(g)  Submit  8  copies  of  the  progress  report  to  the  Prime  Consultant  for 
distribution  to  the  Project  Committee. 
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4.  ASSESS  THE  METHODS  OF  EFFICIENT  PARTICULE"  REMOVAL  WHICH  WOULD 
UTILIZE  THE  PRESENT  MAJOR  CAPITAL  WORKS  C  THE  PLANT.  EVALUATE 
THE  PARTICULATE  REMOVAL  EFFICIENCY  AND  SE..JITIVITY  OF  OPERATION, 
ASSUMING  OPTIMUM  PERFORMANCE  OF  THE  PLANT. 

Elements  of  Work 


(a)  Assess  the  validity  and  implication  of  all  information  relating  to 
particulate  removal  provided  in  Work  Tasks  1  and  2  with  emphasis 
on  method,  metering  and  sampling,  etc. 

(b)  Using  information  provided  in  Work.  Tasks  1,  2  and  3  evaluate  the 
plant's  particulate  removal  efficiency.  The  basis  of  minimum 
particulate  removal  should  be  1.0  F.t.u.  It  should,  however,  be 
recognized  that  it  is  desirable  to  strive  for  an  operational  level 
which  is  as  low  as  is  achievable.       *- 

(c)  Conduct  an  evaluation  of  possible  optimum  performance 
alternatives.  Include  jar  testing  using  established  industry 
practice. 

(d)  Evaluate  the  feasibility  of  optimum  removal  using  the  existing 
plant  capital  works.  This  evaluation  should  consider  the  worst 
case  water  quality  conditions,  even  though  field  testing  data  may 
not  be  available  during  the  initial  phase  of  the  study  (see  Work 
Task  7). 

(e)  Describe  the  operational  procedures,  management  strategies,  and 
equipment  required  for  various  feasible  alternatives.  Estimate 
chemical  dosages,  level  of  operational  expertise,  and  sensitivity 
of  operation  of  the  alternatives. 
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5.   ASSESS  CURRENT  DISINFECTION  PRACTICES  ANO  POSSIBLE  IMPROVEMENT 
METHODS. 

Elements  of  Work. 


(a)  Assess  the  validity  and  implication  of  all  information  relating  to 
disinfection  provided  in  Work  Tasks  1,  2  and  3  with  emphasis  on 
method,  metering  and  sampling  etc. 

(b)  Using  the  information  provided  in  Work  Tasks  1,  2  and  3  evaluate 
the  plant's  ability  to  disinfect  the  water.  The  basis  of  minimum 
disinfection  should  be  to  ensure  a  water  quality  as  described  in 
the  Ontario  Drinking  Water  Objectives. 

(c)  Conduct  an  evaluation  of  possible  optimum  disinfection  procedures 
for  the  plant,  with  consideration  also  given  to  the  reduction  of 
chlorinated  by-products  in  the  treated  water. 

(d)  Evaluate  the  feasibility  of  the  various  alternatives  using  the 
existing  plant  capital  works. 

(e)  Assess  the  relative  merits  of  the  alternatives.  Describe  the 
operational  procedures,  management  strategies,  and  equipment 
required  for  the  feasible  alternatives.  Estimate  chemical 
dosages,  level  of  operational  expertise,  and  sensitivity  of 
operation  for  the  alternatives. 
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6.   DESCRIBE  POSSIE     HCPT  AND  LONG-TERM  PROCESS  MODIFICATIONS  TO 
OBTAIN  OPTIMUM  [    «FECTION  AND  CONTAMINANT  REMOVAL. 

Elements  of  Work. 


(a)  Prepare  a  list  of  modifications  which  should  be  considered  for 
detailed  implementation  evaluation.  Provide  an  estimated  cost  and 
possible  schedule  for  implementation  for  each  of  the  proposed 
modifications . 

It  is  not  the  purpose  of  this  study  to  provide  a  detailed 
implementation  scheme  for  plant  rehabilitation.  It  is,  however, 
necessary  to  scope  the  feasible  short  and  long-term  process 
modifications  required  to  achieve  optimum  disinfection  and 
contaminant  removals. 

(b)  Incorporate  (a)  above  in  the  draft  report. 
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7.   PREPARE  A  DRAFT  REPORT  FOR  THE  PROJECT  COMMITTEE'S  REVIEW. 
(8  COPIES). 

Elements  of  Work. 


(a)  The  report  must  include  all  information  for  Work.  Tasks  1-6. 

The  information  must  be  organized  and  presented  in  a  logical  and 
co-ordinated  fashion.  A  general  table  of  contents  (Appendix  C)  is 
provided  for  organizing  the  material  in  a  manner  consistent  with 
other  plant  reports. 

Submit  the  draft  report  for  review  by  the  Project  Committee. 

(b)  Meet  with  the  Project  Committee  on  site  at  least  one  week,  after 
submission  of  the  report. 

(c)  Prepare  a  separate  letter  report  containing  recommendation(s) 
concerning  the  need  for  additional  field  testing  to  cover  quality 
conditions  not  available  during  the  period  of  this  study.  The 
Project  Committee  may  decide  to  delay  completion  of  the  final 
report  until  field  data  can  be  obtained  to  confirm  the  predictions 
of  performance  for  the  worst  case  water  conditions. 
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8.   PREPARE  THE  FINAL  REPORT. 
Elements  of  Work. 


(a)  Conduct  additional  field  testing  if  required.  Discuss  the 
implementations  of  the  results  with  the  Project  Committee  if  the 
results  differ  from  the  predicted  performance. 

(b)  Amend  the  report  as  per  review  comments,  incorporating  additional 
field  data  if  required. 

(c)  Submit  25  copies  of  the  final  reports  (including  the  colour 
photographs)  to  the  MOE  for  distribution. 
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